Articles 


News of Science 


Book Reviews 


Reports 


iversity Research 


The Chemist’s Most Creative Years: H. C. Lehman 
The 2500 ablest of the world’s chemists attained their maximum production 
rate at ages 30 through 34. 

Future Radiation Dosage from Weapons Tests: D. R. Inglis 


Extrapolations are offered for three possibilities—testing remains 
constant, it ceases, it increases. 


Irving Langmuir, Man of Many Interests: V. J. Schaefer 


Euratom Agreement; other recent events. 0% .006.6.056% ca coc See wics douse een 1229 


The Planet Earth; other books 


Production of Anaphylaxis in the White Mouse with Soluble 
Antigen-Antibody Complexes: S. Tokuda and R. S. Weiser 


Production of Injury to Feline Central Nervous System with 
Nucleic Acid Antimetabolite: H. Koenig 


Relation of Structure to Adsorption of Substances during 
Crystallization of L( — )Tyrosine: J. G. Fels 


Differential Staining of Connective Tissue Fibers in 
Areas of Stress: H. M. Fullmer 


Natural and Fission-Produced Gamma-Ray Emitting Radioactivity 
in Soil: P. F. Gustafson, L. D. Marinelli, S. S. Brar 


Visual Thresholds for Detecting an Earth Satellite: 7. S. Gulledge, et al. ......... 1242 


Effect of Length of Observing Time on the Visual Threshold 
for Detecting a Faint Satellite: W. D. Garvey, I. S. Gulledge, ]. B. Henson 


Inhibition of HeLa Growth by Intranuclear Tritium: R. B. Painter, 
R. M. Drew, W. L. Hughes 


Formula for Inferring Atmospheric Density from the Motion 
of Artificial Earth Satellites: T. E. Sterne 


Departments Meetings; Letters; Equipment 














Colorlith is available 
in Surf Green, Charcoal 
Gray and Cameo Brown, 
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IN SCHOOL AND COLLEGE LABO- 
RATORIES J-M Colorlith offers proof of 
its practicality and attractive appearance. 





New personality for hard-working labs 


vo IM Colorhth 





handsome, tough, colorful 


Here's the new look in labs that’s just as 
practical as it is attractive. It’s Johns- 
Manville’s chemical-resistant work-surface 
material—Colorlith—and it’s ready to help 
you bring new color and design into the 
school and industrial laboratory. 

Made of asbestos and cement—Colorlith 
offers all these important advantages: CoLoR 
—makes any lab a showplace. WoRKABILITY 
—offers new design freedom. (Large 4’ x 8’ 
sheets can be cut in any shape). HIGH 
UNIFORM STRENGTH—resists years of 
strenuous service—can be used in thicknesses 
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as lowas 14” for resurfacing and fume hoods. 
HEAT RESISTANCE—asbestos and cement 
offer unmatched protection against thermal 
shock and fire. And Colorlith offers un- 
usually good chemical resistance, plus a 
smooth-writing surface that lab workers 
consider so important. 

For free Colorlith specification sheet plus 
a coast-to-coast list of J-M Colorlith labora- 
tory furniture manufacturers, see your local 
J-M representative. Or write Johns-Manville, 
Box 14, New York 16, N. Y. In Canada: 
Port Credit, Ontario. 


6 JOHNS-MANVILLE Jf 














IN INDUSTRIAL LABORATORIES Colorlith 
provides inviting working conditions for many of 
the top names in American business. 
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Textbooks 





— for both basic and “Terminal” courses in College Biology 


— for background in Neurology, Zoology, Physiology, Psychology 
v ’ — for General Zoology courses at freshman or sophomore level 


v 


Villee's BIOLOGY 


This basic college text presents the major facts 
and principles of modern biology with a skillful 
blend of generalization and rich, descriptive de- 
tail. Beginning with a discussion of the scientific 
methods of investigation, the author presents a 
total picture of botany, the invertebrates and 
vertebrates . . . from cellular function through 
body systems. Evolution and ecology are also 
covered. Of special note are the discussions on 
cell structure and function, integrating basic 
physics and chemistry with their biological ap- 
plications. The material is comprehensive, ac- 
curate, well written and fully illustrated. Each 
chapter is designed to interest students. 


By Craupe A. Vittee, Harvard University. 615 pages, 61/,” x 10”, 
with 323 illustrations. $6.75, Third Edition! 


Villee, Walker and Smith's 


GENERAL ZOOLOGY 


A completely new and up-to-date text. Its unique 
presentation of both vertebrate and invertebrate 
life emphasizes not merely anatomy, but also 
habitat, mode of life and role in the biologic com- 
munity. It is perfectly balanced between the 
“principles approach” and the “animal types ap- 
proach”—carefully blending discussions of broad 
biological principles with a thorough examina- 
tion of certain representative animals. 

General concepts are clearly explained in the be- 
ginning of the book. Each invertebrate phylum 
occupies a separate chapter. A detailed consid- 
eration of the frog introduces the vertebrates. 
Vertebrate morphology and physiology are also 
presented. Classification of animals conforms to 
the latest: thought in taxonomy. 


By Ciaupe A. Vitter, Harvard University; WARREN F. WaLKeER, Jr., 
Oberlin College; and Freperick E. Smitu, University of Michigan. 
877 pages, 6” x 914”, with 444 illustrations. $7.50. New! 


Gardner's Fundamentals of 


NEUROLOGY 


The student will get a firm grasp of nerve struc- 
ture and function from this book. It covers basic 
neuroanatomy, the physiological processes, and 
the fundamental relationship of psychology to 
the higher nerve centers. All the material is fully 
understandable to the student who has had a 
minimum background in biology. This New 
(3rd) Edition features: A rewritten chapter on 
Gross Anatomy of the Central Nervous System; 
a thorough revision of the chapter on The Pe- 
ripheral Nervous System, and extensive changes 
in the chapter on The Cerebellum. 


By Ernest Garpner, M.D., Professor of Anatomy, Wayne State 
University College of Medicine, Detroit, Michigan. 388 pages, 51.” 
x 8Y,”, with 154 illustrations. $5.75. New (3rd) Edition! 


Fisher and Kitzmiller's 
LABORATORY EXERCISES 
IN GENERAL ZOOLOGY 


This new manual is ideal for use with Villee- 
Walker-Smith’s General Zoology. In general, its 
organization and topics are the same. It may, of 
course, be used with any zoology text. The man- 
ual gives the student work in many phases of 
biology, not merely the dissection of animals 
This includes exercises on organic evolution, 
symbiosis, ete. All the “classical” animals of be- 
ginning zoology courses are included. Principles 
are presented in a comparative way without a 
mass of confusing detail. Throughout the book 
functional aspects, as well as pure morphological 
aspects, are emphasized. Valuable features in- 
clude introductory material for each exercise and 
a list of materials and teaching aids. 

By Harvey I. Fisner, Ph.D., Chairman, Department of Zoology, 
Southern Illinois University; and James B. Kitzmimuer, Ph.D., 


Chairman, Department of Zoology, University of Illinois. 227 pages, 
illustrated. 8,” x 11”. $4.00. New! 


Gladly Sent To Teachers For Consideration as Texts 


W. B. SAUNDERS COMPANY 


West Washington Square, Phila. 5 
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“The Model 137 proves it, Jim—pure acrylonit 


Manufacturers of synthetics, and others whose process 
depend on purity for satisfactory polymerization, are rely 
more and more on rapid, accurate control analyses made 
right at the bench with the low-cost Perkin-Elmer Model 137. 
For example: 

The end point in the manufacture of acrylonitrile by dis- 
tillation is marked by the complete removal of water from 
ethylene cyanohydrin. With the Model 137 INFRACORD* 
Spectrophotometer checking the reaction, guesswork and 
the possibility of error are minimized. The well-resolved 
INFRACORD spectrum of acrylonitrile shown above dem- 
onstrates that the reaction is complete—the acrylonitrile 
must be pure—since no characteristic OH band is present 
at 2.8 microns. Best of all, this infrared spectrum was 
obtained automatically in twelve minutes—and spot analysis 
of the critical OH region can be made in seconds! 

The INFRACORD, product of a four-year development 
program by Perkin-Elmer, embodies the latest advances in 

1204 


optical, electronic and mechanical design. Its double beam 
optical null system, previously available in only the most 
expensive instruments, provides the speed, energy, short 
path length and resolution essential for good qualitative and 
quantitative analysis. 

Yet, with all its features, the INFRACORD instrument is 
moderately priced and simple to operate. Many companies 
are making it an everyday tool for the bench chemist. Spec- 
troscopists use it for routine work, thus free ultra-precision 
instruments for research and similar work. 

For complete information, write Perkin-Elmer at 910 Main 
Avenue, Norwalk, Conn. 

“TM. 


(NS TRUMENT DIivIisIton 


Perkin-Elmer Gyno 


NORWALK, CONNECTICUT 
SCIENCE, VOL. 127 
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HOW TO REDUCE ELECTRICAL CONDUCTIVITY 
WITH ELECTROMANGANESE*® 


Adding pure electrolytic manganese to aluminum, resistance alloys. Its purity—99.9+%—permits 
copper, nickel, and their alloys is one of the most greater control over the manufacturing processes 
effective methods of lowering their electrical con- ... enables manufacturers to duplicate critical re- 
ductivity. Aluminum alloys, for example, containing sistance standards. 
as little as 7% manganese have been used in appli- In many applications throughout industry, Elec- 
cations (such as induction motor rotors) where tromanganese—Foote’s electrolytic manganese— 
comparatively high resistivity is desired. has asserted itself as a metal to reckon with. Its 
Certain copper-manganese-nickel alloys have the versatility and vast potential have captured the 
lowest electrical conductivity of any commercial imagination of all who come to know its many and 
resistance alloys. Their electrical resistivity, which unique properties. For a complete introduction to 
is largely a function of the manganese content, the industrial applications of Electroranganese, 
approaches 200 microhm-centimeters . . . the lowest write for Bulletin 201. Address letterhead request 
conductivity ever recorded for a ductile material! to Technical Literature Department, Foote Mineral 
Electromanganese is well established as the stand- Company, 471 Eighteen W. Chelten Building, 
ard base material for these and other precision Philadelphia 44, Pennsylvania. 


rOoO iT E MINERAL COMPAN Y 


Electrolytic Manganese Metal « Nitrelmang e Hydrogen-R d Electromanganese « Rimex Manganese Sulphide e¢ Welding Grade 
Ferro Alloys « Commercial Minerals and Ores e Lithium Metal, Chemicals, Minerals « Zirconium, Titanium, Hafnium (lodide Process) 
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The University of Chicago Press 


THE CHEMICAL DYNAMICS OF 
BONE MINERAL 


By William F, Neuman and 
Margaret W. Neuman 


The strange paradox of the blood-bone equilibrium 
at last finds its logical resolution in this up-to-the- 
minute summary of current information on bone 
mineral. Now it is possible to solve such problems 
of skeletal physiology as: the mechanisms of the 
calcification process; the chemical inertness of 
much of the mature skeleton; the homeostatic con- 
trol of serum levels of calcium and phosphate; and 
the mechanisms underlying the actions of vitamin 


D. and parathyroid hormone. $5.00 








THE VERTEBRATE VISUAL SYSTEM 


By Stephen Polyak, M.D. 
Edited by Heinrich Kliiver 


All existing knowledge of the visual system of the 
vertebrates has been amassed in this monumental 
volume by the late Dr. Polyak, one of the world’s 
leading experts on the subject. Visual mechanisms 
are discussed from historical, anatomical, histo- 
logical, physiological, biological, and pathological 
standpoints. Interpreting both specific structures 
and the whole visual mechanism in terms of their 
functional and adaptive value, Dr. Polyak shows 
vision and its anatomical substratum as the most 
important evolutionary tool in the emergance of 
Man from infrahuman forms. No other book on the 
visual system in any language has such vast scope. 
1,408 pages, 551 illustrations, 27 in color, and a 
bibliography of over ten thousand references. 





MORPHOLOGICAL INTEGRATION 
By Everett C. Olson and Robert L. Miller 


The central theme of this book is the concept of 
the organism as an integrated, functional unit. 
It is the first practical and meaningful approach 
to the place of the total organism, or the totality 
of some system of the organism, in studies of 
evolution. 

Ever since studies of morphology were first un- 
dertaken, the importance of correlating the struc- 
tural parts of an individual animal has been recog- 
nized. Not until now, however, has this idea been 
given a workable basis so that it could be sys- 
tematically applied to problems of biology and 
evolution. 

Using both new and established biometric tech- 
niques, Morphological Integration offers a new 
methodology for the re-examination of old prob- 
lems and reveals an array of new areas of research. 


$10.00 








ANIMAL BEHAVIOR 
By John Paul Scott 


The study of animal behavior has fascinated man- 
kind since the days of Solomon and Aesop. In re- 
cent years, fable has given way to facts which 
have deep implications for our understanding of 
human nature. 

The most important thing about an animal is 
what it does, and most of the facts of anatomy, 
physiology, embryology, and ecology can be re- 
lated to its behavior. Spanning the fields of biology 
and psychology and integrating the material from 
both, Animal Behavior leads the way toward a 
new and more meaningful organization of the 


$45.00 general biology course. $5.00 
i OF bes 
Sear, 

THE UNIVERSITY OF CHICAGO PRESS A 8 5750 ELLIS AVENUE - CHICAGO 37 - ILL. 
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PROVEN ANSWER 
TO TOUGH SEPARATION 
PROBLEMS 





Beckman /Spinco CP 
Curtain Electrophoresis 








Results from research laboratories prove you can 
make even the most difficult separations with 
the Continuous-Flow Model CP. 


More than 200 CP instruments are now being 



























used for such varied and significant 

separations as 
unknown antibiotics from a mixture; 
electrophoretically pure globulins; radioactive 
cystine; enzymes in connection with heart 
and cancer research; tryptic digests of 
papain; purification of catalase and various 
plant materials; amino acids; mucosal 
proteins; further fractionation of alpha-2 
globulins; proteins of vitreous humor; 
serum proteins; hydrolysates. 


These are actual—not theoretical—applications 
from the laboratories of CP users. 


With Spinco’s experience in continuous flow 
curtain electrophoresis, you would expect 
something new. And there is. Not a new CP, 





but one with major design modifications 
which makes it a far more serviceable, 
versatile instrument. 


If you face the problem of preparing pure fractions 
in volume, investigate the improved CP now. 
Please write to Spinco Division, 

Beckman Instruments, Inc., Stanford Industrial 
Park, Palo Alto, California. Ask for folder CP 5. 


Beckman: 
Spinco Division 


Beckman Instruments, Inc. 








SS-1, SS-1A Superspeed 
Angle Centrifuges 


$S-2 Vacuum-Type Centrifuge 


$S-3 Push-Button Automatic 
Superspeed Centrifuge* 


SS-4 Enclosed Superspeed 
Centrifuge* 


Superspeed Refrigerated 
Centrifuge 


“Szent-Gyorgyi & Blum” 
8-Tube Continuous Flow 
System* } 


Type GSA Large Capacity 
Rotor 


Type SU Particle Counting 
Rotor 


Type HS Field-Aligning Swing- 
ing Cup Rotor 


Small, Medium and Large 
Angle Centrifuges 


Omni-Mixer (Homogenizer) 


“Porter-Blum” Ultra-Micro- 
tome* 





SERVALL “SZENT-GYORGY! & BLUM” 8-TUBE CONTINUOUS-FLOW SYSTEM* — the 
centrifuge development of the year — solves the widely-discussed problem of harvesting 
small amounts of precipitate from large volumes of solution. Precipitate is collected 
directly in one, two, four or eight tubes while supernatant is expelled into adjacent 
container. Time-consuming batch operations are no longer required. Flow-Rate in excess 
of 200 ml per minute speeds operation. Stainless steel construction. 


SERVALL SS-3 AUTOMATIC PUSH-BUTTON SUPERSPEED CENTRIFUGE* brings to the Super- 
speed Range automatic acceleration to pre-set speed, plus dynamic braking. Accom- 
modates SS-34 Rotor (8 x 50 ml, 17,000 RPM, 34,800 x G) and large-capacity GSA Rotor 
(6 x 295 ml, 14,600 x G) — both with sealed covers. Other versatile rotors are available 
and in development. Designed for Continuous Flow. Servall Gyro-Action Self-Centering 
Assembly* sets new standards of performance. Armor-plate construction of Rotor 
Chamber. 


SERVALL SS-4 ENCLOSED SUPERSPEED CENTRIFUGE* has same rotor versatility as SS-3 
and same Gyro-Action Drive, but is manually controlled. 


Both the SS-3 and SS-4 have the unique SERVALL Noise-Suppression and Dual Cooling 
Systems, Safety Interlock to break circuit should rotor-imbalance occur, Direct-Reading 
Tachometer-Ammeter, Timer, Remote-Control facility, and Low Silhouette for convenient 
accessibility. 





$S-3. AUTOMATIC CENTRIFUGE 


Write for bulletin SC-51KS 


*Patented USA 
Sole Canadian Distributor: Cave and Company, Ltd., Vancouver, Edmonton and Toronto Foreign Patents Pending 


Since 1943, the 
world’s largest 
Manufacturer of 
Superspeed Centrifuges 


Norwalk, Connecticul, U. S. A. 
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RECOMMENDED BY LEADING MEDICAL SCHOOLS 
AND BY HOSPITALS AND LABORATORIES 


STUDENT AND LABORATORY MICROSCOPES 





the new Medical and Laboratory Microscope SM 


A new standard in general purpose instruments, 
the Leitz SM is the ideal microscope for the medical 
student, and for classroom and medical laboratory 
use. Combines handsome, solid construction with 
operational ease and precision. Features single- 
knob, dual-focusing control for coarse and fine 
focusing by raising and lowering the stage. Tube 
changing device is instant-locking, securing posi- 
tioning of all tubes (inclined or straight monocular 
or binocular) in a one-step operation. A variety of 
object stages may be selected, and attachable 
illuminators are interchangeable with mirror. 


MEDICAL AND LABORATORY MICROSCOPE SM, with inclined 
monocular tube, mechanical stage; two-lens condenser with 
swing-out upper element and iris diaphragm; quadruple nose- 
piece; mirror and fork; carrying case. With optical unit con- 
sisting of achromats 3.5x, 10x, 45x, and 100x oil immersion, 
the last two with spring-loaded mounts; 6x and 10x eye- 
SMI. & iin o's:n, <a c0is.cve 0 PRba ea end Umea chaaelW oamanien $407.50 





the Labolux 

A convertible monocular-binocular micro- 
scope that is the ultimate in fatigue-free 
precision operation. The LABOLUxX is suit- 
able not only for the student, but recom- 
mended for later use in office practice, 
hospital or laboratory, where further re- 
quirements are readily fulfilled by this 
instrument's versatility. The LABOLUX 
features coarse and fine focusing adjust- 
ments combined in a single control; low- 
position controls for ease of operation; 
adaptability to various types of illumina- 
tion, various object stages and photomicrog- 
raphy; instant-locking tube changing 
device that secures positioning of all tubes 
in a one-step operation. 

LABOLUX S 47/92-15 inclined binocular microscope, 
with built-in mechanical stage #47, Abbe condenser; 
quadruple nosepiece with achromats 3.5x, 10x, 45x, 


and 100x oil immersion, the last two having spring- 
loaded mounts; paired 6x and 10x binocular eye- 

















pieces; with carrying case............0000. $696.50 

=a ee ee ee Ee ee Ee Se Ge Se ee ee ee oe = 

E. Leitz, Inc., Dept. SC-4 | 

468 Fourth Avenue, New York 16, N.Y. i 
nae ‘ : FIRST IN PRECISION OPTICS 

Please send me additional information on the I 

C) SM Microscope C) LABOLUX Microscope I 

Name i 
nas i &. LEITtTZ, Inc., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
the Distributors of the woritd-famous products of 
, Street, 4 Ernst Leite G.m.b.H., Wetziar, Germany—Ernst Leitz Canada Ltd. 
rgest LEICA CAMERAS +: LENSES + MICROSCOPES + BINOCULARS 

Tr of City Zone. State : 
luges pulp Seth Gb ai cup Gin Sein ten‘das um a aie um em 20887 
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AUTO-GAMMA 


AUTOMATIC GAMMA SAMPLE CHANGER 





NOW... completely Automatic Scintillation Counting! 


Here is an instrument that quickly pays for 
itself by saving staff time. It can be operated 
twenty-four hours per day and seven days per 
week without attendance. Also, more samples 
can be counted and better data obtained by 
using longer counting periods and more re- 
peat counts. : 

Test tubes are 16 mm diameter by 150 mm 
long for standard well-type scintillation detec- 
tors. Any number up to ONE HUNDRED 
SAMPLES can be counted at each loading. 
After the last sample in the turntable has been 
transferred to the scintillation detector, 
counted, and returned to its place in the turn- 


* Trademark 





table, the unit resets to the first sample and 
starts over again. Counting periods are based 
on both preset time and preset count, and 
counting is stopped by whichever is reached 
first. Sample number, time interval and scaler 
reading are all recorded on the paper tape. 

The Auto-Gamma Sample Changer is avail- 
able for many different systems. It can be pur- 
chased as a complete unit with a choice of 
large or small sodium iodide crystals. It can 
also be used with scintillation spectrometers or 
with simple scaler systems. 

For full information request Auto-Gamma 
Bulletin. 


ackard Instrument Company, Inc. 


DEPT. A «© P. O. BOX 428 ¢ LA GRANGE, ILLINOIS 
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Federal Support of University Research 


That the relations between universities and the Federal Government 
have been changing in recent years is news to no one, but the extent of 
the change may be. Federal support of research and development in univer- 
sities was, in 1940, only about $15 million and was largely confined to 
agriculture. In a recent report (Government-University Relationships in 
Federally Sponsored Scientific Research and Development), the National 
Science Foundation estimates that in fiscal 1958 support will amount to 
about $440 million—a thirty-five fold increase (see page 1231). The greatly 
increased funds, which possibly amount to two-thirds of the total expendi- 
tures of the universities for research and development, now go to the sup- 
port of all of the natural sciences and engineering as well as agriculture. 

The change is not only in the degree but also in the pattern of support. 
Of the $440 million, the major share, $265 million, still goes to the univer- 
sities proper, but $175 million is allotted to a comparatively new kind of in- 
stitution, the research center, that is owned by the Government but is oper- 
ated under contract by one or more universities or industrial concerns. 
During the war the need for a vast expansion in scientific and technical 
knowledge led federal agencies to make contracts with universities and in- 
dustrial concerns for specific programs. For some projects the demands were 
so great that the facilities of a particular university department were not ade- 
quate to do the job, and this led to the establishment of the research centers. 

Of the 47 such centers now in existence, 27 are supported by the Depart- 
ment of Defense, 18 by the Atomic Energy Commission, and 2 by the 
National Science Foundation; 28 of the centers are operated by universi- 
ties or groups of universities. Among the major centers operated by univer- 
sities are the Jet Propulsion Laboratory (California Institute of Technol- 
ogy), Applied Physics Laboratory (Johns Hopkins), Radiation Laboratories 
(California), Argonne National Laboratory (Chicago), Brookhaven Na- 
tional Laboratory (Associated Universities), and Oak Ridge Institute of 
Nuclear Studies (Group of Southeastern Universities). 

The benefits of this program to the nation and to the universities them- 
selves are obvious, but there are questions about the threats to the inde- 
pendence of the universities and to the freedom in selection of research 
programs. The Foundation raises some of the questions in its report: “To 
what extent has the availability of funds from particular agencies given 
direction to research in universities? Have the policies of the agencies dis- 
tributing funds and the philosophy of universities in seeking or accepting 
funds been factors in guiding research? Has the type of work done been 
determined by the availability of extra-university funds for certain kinds 
of research?” 

The Foundation comes to the general conclusion that, although research 
has necessarily been given some direction, “this direction up to the present 
has in general been neither necessarily irksome nor detrimental.” That this 
statement is on the whole true is a tribute to the care and restraint that the 
federal agencies have exercised in their arrangements with universities. 


—G. DuS. 














EW STANDARD TEACHING 
MICROSCOPES 
More Microscope per Budget Dollar! 


; COMPARE! SEE FOR YOURSELF! 


SCHOOL SCHOOL SCHOOL 
= MICRO- MICRO- 
SCOPE SCOPE 
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SCOPES comer “Br” “gy 
Price $117 $115 $117 $118 
Full standard size YES NO NO YES 
Modern design YES | YES | NO No §f 
€ Standard operation, 
separate coarse and YES NO NO YES | 
fine adjustments 
4mm objective 
_" Flattest field YES NO NO NO 
i ay Best contrast YES NO NO NO 
At least 0.55 N.A. YES NO NO YES 





Long fine adjustment 


travel (Easier, more YES NO NO YES 
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The Chemist’s 
Most Creative Years 


The 2500 ablest of the world’s chemists attained their 


maximum production rate 


In 1835, just 123 years ago, two great 
chemists, J. J. Berzelius and J. A. B. 
Dumas, met in Paris. According to 
Dumas’ brother (J, p. 117), their meet- 
ing was marked by an odd verbal ex- 
change. 

“Upon room where 
Dumas was waiting for him, the most 
illustrious 


entering the 


among illustrious chemists 
took Dumas by the hand, and looking 
him straight in the eye, said: 

“How old are you?’ 

“*Thirty-five.’ 

“*That’s fine! You still have 20 years 
of profitable research ahead of you. After 
55 one does nothing important in the 
field of chemistry.’ 

“This remark gave the conversation a 
grave and almost an emotional turn. 
Upon leaving Berzelius, Dumas could not 
help thinking of the age of the great 
man who, born in 1779, was now exactly 
55, and who had indicated that his pres- 
ent age marked the end of his important 
work in chemistry.” 

What justification did Berzelius have 
for making this remark? The grave turn 
in the conversation implies that he prob- 
ably was not trying merely to make small 
talk. In making this remark Berzelius 
was perhaps expressing a mere impres- 
sionistic judgment for, in so far as is 
known, he made no statistical study of 
the problem. 





Dr. Lehman is a member of the department of 
psychology of Ohio University, Athens. 
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at ages 30 through 34. 


Harvey C. Lehman 


Today the record is 123 years older 
than it was when Berzelius and Dumas 
met. We have far more data available 
than they had, and it is now possible to 
give Berzelius’ pronouncement a careful 
examination. That is what I have done 
in this article (2) by use of data ob- 
tained from 44 histories of chemistry by 
authors from five different countries— 
namely, Germany, France, England, 
Italy, and the United States—22 of them 
published since 1940 (1; 3-45). 

As was implied in the preceding para- 
graph, this study deals with the age at 
which the important work of the great 
research chemist is at an end. I have 
found, among other things, that although, 
after he has passed his thirties, the pro- 
duction rate for the most brilliant chem- 
ist’s extremely important creative work 
tends to fall off both earlier and more 
rapidly than does the production rate for 
his own less brilliant output, no abrupt 


change occurs at any one age level (46). | 


It therefore is not valid to say that the 
chemist’s important contributions are at 
an end at any time prior to his death. 
As compared with the masterworks of 
the less brilliant research workers, the 
masterworks of the most able research 
workers are produced by men who are 
of more nearly the same age. The more 
brilliant the chemist, the earlier the age 
at which he gives genuine indications of 
his future greatness. Although the great 
chemist’s first research work is usually 


not his best, there are some conspicuous 
exceptions to this rule. After they started 
upon their professional careers, the most 
able chemists progressed faster than their 
less able colleagues. The 54 ablest chem- 
ists have attained their highest produc- 
tion rates and, hence, have contributed 
the greatest proportion of their very best 
work during the 15-year interval from 
ages 25 to 39, inclusive; the higher the 
caliber of the group, the larger the pro- 
portion of their masterworks contrib- 
uted during this 15-year interval. When 
due allowance is made for the death 
rate, it is found that, collectively, the 
2500 greatest of the world’s chemists 
have attained their maximum produc- 
tion rate at ages 30 to 34, inclusive. 

In what follows no attempt is made 
to tell what could, or should, or would 
have happened, under some purely hy- 
pothetical . condition that conceivably 
might have existed but which did not 
actually obtain at any time or any place. 
Nor have I tried to extrapolate the find- 
ings. The reader can do his own specu- 
lating about what will happen in the 
days that lie ahead. 


Sources of Information 


In this study I never assume personal 
responsibility for identifying or judging 
the importance of a contribution to 
chemistry. I depend always upon the 
appraisals of recognized experts. These 
several specialists compiled and pub- 
lished their material under their own 
names, not for the purpose for which I 
have used it here, but rather for the use 
of professional chemists. The 44 histories 
were prepared by authors who had no 
special interest in the age factor, and it 
seems obvious that the compilers were 
concerned not with the ages of the con- 
tributors at the time they made their 
important contributions but rather with 
the actual significance of the contribu- 
tions themselves. It seems unlikely, there- 
fore, that the historians have exhibited 
any special bias with reference to chrono- 
logical age. Indeed, most of them did 
not mention the contributors’ ages at all, 
and they probably did not even give 
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Table 1. Data for contributions to chemistry each of which was cited and discussed in one or more of 44 histories of chemistry. 











Group 
Row ee ee Se eS, eats eS ae eS 
A B C ve ©, E F G H I 
1. Number of contributors 54 30 66 77 109 111 201 385 1433 
2. Total No. of works 1199 552 649 813 748 749 ‘1019 1400 2767 
3. Average No. of works per chemist Za.2 18.4 9.8 10.7 6.9 6.7 “| 3.6 1.9 
4. Maximum No. of histories citing 
most renowned works 20o0rmore 15-19 10-14 7-9 5 or 6 4 only 3 only 2 only 1 only 
5. Total No. of works of level of 
merit indicated in row 4 102 38 70 83 123 125 233 480 2767 
6. No. of men whose “one best” 
work could be identified 53 30 66 76 98 85 178 330 838 
7. Percentage of “one best” works 
first reported after age 55 2 0 5 3 6 6 10 10 12 
8. Age prior to which 25 percent of 
“one best”’ works were reported 30.13 27.58 29.30 29.42 30.38 30.04 29.30 30.50 30.00 
9. Age prior to which 50 percent of 
“one best” works were reported 34.31 35.50 36.33 35.83 37.29 40.83 36.20 37.22 36.55 
10. Age prior to which 75 percent of 
“one best” works were reported 37.94 39.50 45.25 45.50 45.25 43.75 42.13 46.58 46.95 
11. Age range during which middle 
50 percent of “‘one best” 
works were reported 7.81 11.92 15.95 16.08 12.83 16.08 


them a single thought. In preparing their 
histories they must have been writing as 
top-notch professional writers always 
write, and it seems safe to assume that, 
collectively at least, they must have ex- 
hibited good professional judgment. 

From each history I copied down the 
name of each contributor to chemistry 
each time that it appeared if the his- 
torian also mentioned both a specific 
contribution and a specific calendar date 
that would enable me to know when the 
contribution was either first made or first 
reported. When the histories gave birth 
and death dates or the national origin 
of the contributor, or all of these data, 
that information was also noted. When 
birth and death dates and the country of 
origin could not be obtained from these 
I obtained that information 
when possible from other sources. 

By subtracting the date of birth of 
each contributor from the date on which 
he made or first reported his several con- 
tributions, it was possible to determine 
the ages of the contributors at the time 
they reported their contributions. Some 
allowance must be made, of course, for 
the time that may have elapsed between 
the inception and completion of a bril- 
liant scientific study and between the 
latter date and that on which the achieve- 
ment was first reported or published. 
Since the chemists always reported their 


histories, 


contributions after, and never prior to, 
making them, the contributors must have 
been somewhat younger at the time they 
made their contributions than my data 
indicate. 

The names of all the contributors 
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found in each history were later typed 
in alphabetical order, with the 
mentioned information set down 


afore- 

after 
each contributor’s name. This procedure 
yielded 44 separate lists of names. When 
the factual information from all 44 his- 
tories had been typed in duplicate, I used 
the duplicate lists to make one long 
master list containing, in alphabetical 
order, (i) the names of all contributors; 
(ii) their birth and death dates; (iii) 
the calendar dates on which they had re- 
ported their several contributions; (iv) 
their ages at the time they first reported 
each contribution; and (v) the number 
of different histories that cited and dis- 
cussed the work reported by each con- 
tributor during any one calendar year. 

This last item of information was later 
employed on the assumption that a group 
of contributions each of which was cited 
and discussed in, say, 15 or 20 histories 
of chemistry is of greater importance to 
chemistry than is another group of con- 
tributions each of which is cited and 
discussed in only one or two such his- 
tories. 

In the handling of my data no count 
was made of the number of times a par- 
ticular contribution was mentioned and 
discussed between the covers of any one 
history, but if several different contribu- 
tions were made by the same individual 
during any one calendar year, each was 
counted. This means that a particular 
history might credit a given chemist with 
one specific contribution at a given 
chronological age level or it might credit 
him with several. 

In making my master list I simply 
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totaled the number of different credits 
(or tallies) thus obtained from the 44 
histories. Therefore, in the reading of 
this article it should be understood that 
the words contribution and masterwork 
refer not necessarily to one specific 
achievement but rather to the entire out- 
put that each chemist reported during 
any one calendar year, In most instances 
we know that this output consisted of one 
outstanding discovery, but this is not true 
in all cases. The reader should keep this 
fact in mind constantly, for it would be 
awkward to incorporate it in each of the 
numerous statements I shall make later 
in which I use the words contribution, 
one best contribution, and so on. 

Table 1 presents information regard- 
ing 9896 chemistry “contributions” each 
of which was of sufficient importance to 
be cited and discussed in one or more of 
the 44 histories. Table 1 sets forth the 
data for deceased chemists only, and only 
for those born not less than 70 years 
prior to publication of each history from 
which I obtained data. The figure of 70 
years prior to the date of publication of 
each history from which data were ob- 
tained regarding a given chemist was set 
as an arbitrary dividing line in order to 
avoid the possible overloading of my 
findings with data on contributors born 
quite recently. 

Data on living individuals are ex- 
cluded from Table 1 because it obviously 
is not possible to study the entire life- 
work of chemists who are still living and 
achieving. In the first place, it is almost 
impossible to judge the actual signifi- 
cance of quite recent work. The impor- 


SCIENCE, VOL. 127 





~~ 


+ Nee 


the 


ars 
om 


set 





tance of a chemistry contribution de- 
pends on its ultimate fruitfulness, and the 
ultimate fruitfulness of any scientific 
finding cannot be known for a good long 
time—if ever. Moreover, we have no sure 
way of knowing what the living chemist 
will accomplish during his later years. 
Table 1 includes, therefore, the data for 
deceased individuals only. For these the 
record is reasonably complete, and fu- 
ture events will probably change it only 
slightly if at all. 


Sorting of Contributors 
and Their Contributions 


The first row of Table 1 reveals the 
number of different contributors who at- 
tained the level of merit indicated in row 
4, It shows, for example, that each of 54 
chemists of group A (the most brilliant 
group) made one or more contributions 
each of which is cited and discussed in 
not fewer than 20 of the 44 histories, 
and that each of the 30 chemists of group 
B made one or more contributions that 
is mentioned and discussed in from 15 to 
19 histories, and so on. Row 2 of Table 
1 gives, for each group, the total number 
of its contributions that appear in my 
master list, including those of relatively 
minor importance. Row 3 reveals the 
average number of works per man within 
each group and indicates among other 
things that the average output per man 
(22.2 works) for group A, the most re- 
nowned group, was much greater than 
that (1.9 works) for group I, the least 
renowned group. 

The fifth row of Table 1 shows the 
total number of works of the level of 
merit indicated in row 4, produced col- 
lectively by the members of each group. 
For example, although the 54 chemists 
of group A made a grand total of 1199 
contributions which appear on my master 
list, only 102 of these contributions were 
cited and discussed in as many as 20 or 
more histories. And, although group B 
made a grand total of 552 contributions 
which appear on my list, only 38 of these 
contributions were cited and discussed 
in from 15 to 19 of the histories. 


“One Best” Contribution 


A chemist’s one best contribution, by 
definition, can be made once only. 
Hence, if two or more of a chemist’s 
choicest contributions were discussed in 
an equal number of histories, I ignored 
that chemist’s work in preparing row 6 
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of Table 1 because I could not identify 
with certainty his one best contribution. 
Row 6 of Table 1 was obtained by work- 
ing from this premise. It reveals the 
number of individuals in each group who 
made one contribution that was cited 
and discussed in more histories than was 
any other of their contributions. Row 7 
shows the percentages of these “one best” 
performances that were first reported 
when the contributors were beyond 55 
years of age. This is what interested 
Dumas. Notice that, of the 53 “one best” 
contributions made by group A, only one 
or 2 percent) was first reported by a 
contributor over age 55. This happens 
to be the work of Hermann Boerhaave 
(1668-1738), Dutch physician and fa- 
mous professor of medicine at the Uni- 
versity of Leyden. Though he made no 
fundamental chemical discovery, Boer- 
haave’s famous five-volume textbook, the 
Elementa chemiae, written we know not 
when but first published in 1724, when 
he was 56, received mention in 26 of the 
44 histories. 

In row 7, as one reads from left to 
right, the percentages grow larger. This 
means, of course, that the more note- 
worthy the chemist’s one best contribu- 
tion, the less likely it is that the contri- 
bution will be reported by a chemist 
who is over 55 years old. This statement 
applies not to the chemist’s potential 
achievement at successive age levels but 
only to the achievement which was real- 
ized by the chemists included in the pres- 
ent study. One should also make a dis- 
tinction between the chemist’s one best 
contribution and his important work. 
Even though, if it is a highly important 
one, the chemist’s one best contribution 
will probably be made before he is past 
55, the work which he does beyond that 
age may still be very important. 


Best Work of Berzelius and Dumas 


On my master list, Berzelius_re- 
ceived a grand total of 493 tallies, and 
in this respect he ranked first in my 
entire list. Dumas ranked seventh, with 
a grand total of 296 tallies. Although by 
use of this procedure one probably can- 
not hope to rank chemists in order of 
their importance with mathematical ac- 
curacy, it nevertheless seems clear that 
both Berzelius and Dumas are among our 
foremost chemists. Research that Dumas 
did at age 34 is cited in 37 of the 44 his- 
tories. Although Dumas lived to be 84 
years old and although he made eight 
contributions after he was 55 which ap- 


pear on my master list, he reported noth- 
ing in any one year after age 55 which 
is cited in more than six of the 44 his- 
tories. However, to receive mention in 
as many as six of 44 histories of chem- 
istry is no mean achievement, regardless 
of the age at which the work is done. 

As for Berzelius—my master list re- 
veals that work reported by him at age 
35 is cited and discussed in 26 of the 44 
histories and that he reported nothing 
quite so important after he was past 55. 
However, he did make 13 contributions 
that appear in my master list when he 
was beyond 55, and at age 56 he reported 
some research that is cited in 17 of the 
44 histories. This is very remarkable for 
a man of any age. It is obvious that both 
Berzelius and Dumas did more impor- 
tant research in chemistry when they 
were beyond age 55 than most other 
chemists have done in their palmiest 
days. It is also to be borne in mind that 
some very able chemists receive no men- 
tion at all in histories of chemistry. 

If, at the time of their meeting in 
1835, Dumas could have peered into the 
histories of chemistry that were to be 
published long after his death, he prob- 
ably would have been amazed to dis- 
cover that he, at age 34 in 1834, and 
Berzelius, at age 35 in 1814, had already 
reported their most notable research. 


Ages at Which Maximum Production 
Rate Is Attained 


The eighth row of Table 1 shows, for 
members of the several groups, the ages 
prior to which the first 25 percent of 
their masterworks (47) were produced. 
For example, the number for group A 
in row 8 (30.13) reveals that the earliest 
25 percent of the 53 masterworks cited 
and discussed in each of 20 or more of 
the 44 histories were first reported when 
the member of the group who reported 
it was not beyond age 30.13. The last 
figure in this row (30.00) shows, for 
group I, that the first 25 percent of its 
838 contributions were made when the 
individual who did the reporting was not 
more than 30.00 years old. 

The ninth row of this table presents 
the ages prior to which the first 50 per- 
cent of the contributions of members of 
each group were made, and the 10th row 
reveals the ages prior to which 75 per- 
cent of their contributions were made. 
Although the age differences shown in 
row 8 are slight and those shown in row 
9 are also small, row 10 highlights again 
the fact that the age range for produc- 
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Table 2. Ages at which groups of chemists first reported contributions to chemistry cited and discussed in one or more of 44 histories 


of chemistry. 











Group 
Row 
A B&C D E F G H I 
1. Maximum number of histories in which most- 20 or 
renowned contribution to chemistry is cited more 10-19 7-9 5 or 6 4 only 3 only 2 only 1 only 
2. Number of contributors 54 96 77 109 111 201 385 1433 
3. Age prior to which 25 percent of initial 
contributions were made 21.71 22.18 24.54 25.75 24.71 26.41 27.08 28.90 
4. Age prior to which 50 percent of initial 
contributions were made 24.71 26.28 27.90 28.42 29.00 30.30 31.42 $3.71 
5. Age prior to which 75 per cent of initial 
contributions were made 27.90 32.69 32.63 36.13 35.75 36.81 39.81 42.88 
18-22 
6. Five-year interval during which largest tied... 22=26:(B) ., j 
number of initial contributions were made with 22-26 (C) as-27aa-29 24-28 24-28 26-30 29-33 
Bien 





tion of a masterwork of very great im- 
portance is narrower than that for pro- 
duction of a masterwork of lesser 
Notice in row 10 that, 
whereas the last 25 percent of the mas- 
terworks of group A appeared when the 
contributors were past age 37.94, the last 
25 percent of the relatively minor mas- 
terworks of group I appeared when the 
contributors were beyond age 46.95. 
The last row of Table 1 brings out 
even more clearly the fact that the most 
brilliant masterworks are produced by 


importance. 


men who are of more nearly the same 
age than is the case when the master- 
works are of less significance. Notice in 
row 11 that half of the 53 most brilliant 
masterworks in chemistry appeared dur- 
ing an age range of only 7.81 years but 
that half of the 838 masterworks of 
lesser merit appeared during an age 
range of 16.95 years. One would natu- 
rally expect half of only 53 contributions 
to be produced over a shorter span of 
years than half of 838 contributions. But 
why were half of the 53 most brilliant 
contributions (those cited by the largest 
number of histories) made at ages 30.13 


to 37.94 rather than during some other 
age range of equal length—say, from 
ages 40.13 to 47.94, or from ages 50.13 
to 57.94, for example? One can only con- 
jecture with reference to this. At pres- 
ent there is no sure answer. 


First Important Contributions 


At what ages do the greatest chemists 
first show genuine indications of their 
future greatness? Table 2 reveals the 
ages at which the members of each group 


-first published contributions important 


enough to be cited in one or more of the 
44 histories and, therefore, important 
enough to appear on my master list. In 
this table the groups are again segregated 
according to the frequency with which 
their contribution to 
chemistry was cited and discussed in the 
44 histories. 


most renowned 


The first numeral in row 3 reveals that 
25 percent of the members of group A 
first published a contribution important 
enough to be on my master list prior to 


age 


21.71. The last numeral in this row 


shows that 25 percent of the members of 
group I did not attain this level of suc- 
cess until they were 28.90 years old. Row 
4 indicates similarly that, whereas prior 
to age 24.71 half of the members of 
group A had done research of sufficient 
merit to be cited in one or more of the 
44 histories, half of the members of 
group I did not attain this distinction 
until nine years later—namely, at age 
33.71. The fifth row of Table 2 is even 
more striking. It shows that, whereas 
three-fourths of the most brilliant group 
had published research that appears on 
my master list by the time they were 
27.90 years old, three-fourths of the least 
brilliant group did not reach this mile- 
stone of success until they were 15 years 
older—namely, at age 42.88. 

The last row of Table 2 reveals the 
five-year interval during which the maxi- 
mum number of initial contributions to 
chemistry were produced. Study of all 
the data in Table 2 reveals an unmistak- 
able trend—namely, that the more bril- 
liant research chemists have started their 
professional careers at earlier ages than 
have the less brilliant ones, 





Table 3. Average number of contributions to chemistry made prior to age 25 which were cited and discussed in (i) one or more, (ii) 
two or more, and (iii) three or more histories. The largest average in each of rows 3, 4, and 5 was assigned an arbitrary value of 100 
percent, and the other frequencies in the same row were then assigned proportionate percentage values. 














Group 
Row Toe ; ~ Sa 
A B&C D E F G H I 

1. Maximum No. of histories citing “one most 

renowned” contribution 20 or more 10 to 19 7 to9 5 or 6 4 only 3 only 2 only 1 only 
2. Number of contributors 96 77 109 111 201 385 1433 
3. Average No. of contributions cited in one 1.81 0.80 0.43 0.25 0.33 0.28 0.21 0.11 

or more histories (100% ) (44%) (24%) (14%) (19%) (16%) (12%) (6%) 
4. Average No. of contributions cited in two 0.833 0.444 0.260 0.101 0.144 0.104 0.099 

or more histories (100%) (53%) (31%) (12%) (17%) (13%) (12%) 
5. Average No. of contributions cited in three 0.667 0.311 0.156 0.055 0.081 0.065 

or more histories (100% ) (47%) (23%) (8%) (12%) (10%) 
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Contributions Prior to Age 25 


Table 3 reveals, for the several groups, 
the average numbers of contributions 
made prior to age 25 which are cited in 
(i) one or more histories, (ii) two or 
more histories, and (iii) three or more 
histories. The first numeral in row 3 
shows that members of group A had 
made an average of 1.81 contributions 
(each of which was important enough to 
place their names on my master list) 
before they were 25 years old. In order 
to facilitate comparison with the other 
groups in row 3, the numeral 1.81 was 
assigned an arbitrary value of 100 per- 
cent, and the remaining frequencies in 
this distribution were then assigned pro- 
portionate percentage values. As one 
reads along this row of percentages it 
will be noted that no other group did half 
as well prior to age 25 as did group A. 
And it can be seen also that, prior to age 
25, the least renowned group in the list 


(group I) did less than 10 percent as well. 


as did group A. 

Rows 4 and 5 reveal the same general 
trend as does row 3. For each group in 
row 4, the average output per man prior 
to age 25 is smaller than it is in row 3, 
because row 4 is based upon more select 
contributions than is row 3. That is to 
say, contributions which are cited and 
discussed in two histories of chemistry 
are probably of somewhat greater aver- 
age merit than are other contributions 
which are mentioned in one history only. 
Similarly, the averages in row 5 are 
smaller than are the averages in row 4, 
because contributions which are cited in 
three or more histories are probably of 
greater merit than are those which are 
mentioned in two histories only. From 
rows 3, 4, or 5 it is clear that members 
of the two first groups (A and B-C) got 
off to an earlier start than those of other 
groups. And, as was shown in Table 1, 
once they were launched upon their pro- 
fessional careers, they moved faster and 
they went further than did the members 
of the other groups. 


More Brilliant versus 
Less Brilliant Contributions 


Table 4 sets forth, by five-year inter- 
vals, both the number and the percent- 
ages of contributions to chemistry that 
were cited and discussed (i) in one only 
of the 44 histories and (ii) in 20 or more 
of the 44 histories. This table reads as 
follows: Of the 6347 contributions to 
chemistry each of which was mentioned 


23 MAY 1958 


in one only of the 44 histories, 1 percent 
were contributions made at ages 15 to 
19, inclusive, 5 percent were made by 
contributors of ages 20 to 24, inclusive, 
and so on. 

Notice in this table that, whereas 71 
percent of the major contributions to 
chemistry were produced at ages 25 to 
39, inclusive, only 43 percent of the rela- 
tively minor ones were reported during 
this same 15-year interval. Notice, also, 
that whereas only 5 percent of the major 
contributions were reported by contribu- 
tors of age 50 or above, 26 percent, or 
approximately five times as large a pro- 
portion, of the relatively minor contri- 
butions were first reported by contribu- 
tors who were 50 or more years of age 
at the time of reporting them. Table 5 
reveals the relationship even more clearly 
than does Table 4: the greater the merit 
of the contribution to chemistry, the 
smaller the percentage of contributions 
of this degree of merit that have been 
produced at age 50 or beyond. 


Greatest Chemists’ 


Extremely Important Contributions 


Although my data speak for them- 
selves, graphs will enable me to present 
the picture more clearly than is possible 
by use of only words and numerals. Fig- 
ure 1 reveals the ages at which 54 noted 
chemists made 155 very superior contri- 
butions to their field, each of the 155 


Table 4. Grand total of all contributions 
to chemistry that were made by the vari- 
ous age groups and that were cited and 
discussed in: (i) one only of 44 histories 
and (ii) 20 or more of the 44 histories. 





Histories 





Age 
group 


One only 20 or more 





No. (%) No. (%) 


13-19 51 1 1 1 
20-24 321 5 4 4 
25-29 de 13 16 17 
30-34 978 15 28 27 
$5-59 . 956 15 28 27 


Total 25-39 (43) (71) 





40-44 841 13 12 12 
45-49 709 11 8 8 
50-54 595 9 4 4 
55-59 406 6 1 1 
60-64 325 5 
65-69 195 3 
70-74 111 2 
75-79 44 1 
80-84 BY <4 
85-89 ae Se | 

Totals 6347. 100 102 101 





Table 5. Percentages of all contributions 
made at age 50 or beyond that were cited 
and discussed in differen: uumbers of 44 
histories of chemistry. 








No. of histories Percentage 
1 only 27 
2 only 22 
3 22 
4 aa 
5 or 6 19 
7 to9 15 
10 to 14 13 
15 to 19 6 
20 or more 5 





contributions being cited and discussed 
in not fewer than 15 of the 44 histories 
of chemistry. My several tables did not 
take the death rate into account, but in 
a study of Fig. 1 it should be understood 
that it sets forth the average number of 
contributions per five-year interval. 
Ample allowance is thus made for the 
fact that time takes its toll and, there- 
tore, that young chemists always com- 
prise a larger group than do older ones. 
For example, it was found that for the 
five-year interval from age 30 to 34, in- 
clusive, the 54 chemists made 43 of the 
contributions that are represented in 
Fig. 1. This was slightly more than 0.159 
contributions per individual. The chem- 
ists that remained alive at age 60 to 64 
made only two of these superior contri- 
butions, which was slightly more than 
0.00971 contributions per living contrib- 
utor. The solid line in Fig. 1 is drawn 
so as to be only 0.00971/0.159 as high 
at ages 60 to 64 as it is at ages 30 to 34. 
The curve is drawn in this manner in 
order to show graphically that the aver- 
age number of contributions per living 
chemist—that is, their production rate— 
was only 0.00971/0.159 as large at age 
60 to 64 as it was at age 30 to 34. 

If, regardless of the number that re- 
mained alive, the older chemists had 
contributed at the same average rate as 
did the younger ones, the curve in Fig. 1 
would remain as high at the higher age 
levels as at the lower levels. Actually, 
Fig. 1 exhibits a very noticeable and con- 
sistent decrement at the uppermost age 
levels, thus indicating that, with regard 
to these superior contributions, the 
chemists became progressively less pro- 
ductive at the higher age levels. 

One other point should be mentioned 
with reference to Fig. 1. In the construc- 
tion of this figure, the peak of the statis- 
tical distribution was arbitrarily assigned 
a value of 100 percent, and the other 
averages within this statistical distribu- 


1217 





Table 6. Average number of contributions to chemistry per age interval (absolute values used for the construction of Figs. 1 through 7). 











Fig. 5 Fig. 6 Fig. 7§ 
Fig.2* Fig. 3+ Fig. 4¢ 
Ages  Fig.1 dot-dash dot-dash broken ¢.):4 Dot-dash Broken Solid Dot-dash Broken Solid —s 
line line line line line line line line line line * 
15-19 0.004 0.001 0.052 0.070 0.005 0.005 0.006 0.007 2 2 
90-24 0.015 0.016 0.170 0.285 0.017 0.054 0.118 0.008 0.027 0.041 27 26 
95-29 0.096 0.031 0.196 0.500 0.047 0.133 0.330 0.038 0.087 0.141 92 81 
30-34 0.159 0.040 0.167 0.559 0.039 0.146 0.370 0.038 0.104 0.168 100 100 
35-39 0.141 0.031 0.204 0.630 0.043 0.121 0.360 0.042 0.108 0.179 92 96 
40-44 0.079 0.025 0.267 . 0.639 0.015 0.143 0.323 0.029 0.100 0.148 60 60 
45-49 0.048 0.021 0.259 0.522 0.022 0.113 0.308 0.023 0.080 0.121 51 51 
50-54 0.027. ««0.015.S«s«O.275.-S «518 = 0.015. s—«0.120.Ss«0.233'~Ss«0.018~=—s«0.070-~—S—=*.1001 29 34 
55-59 0.010 0.013 0.243 0.451 0.007 0.086 0.180 0.011 0.044 0.065 19 21 
60-64 0.011 0.010 0.205 0.316 0.004 0.097 0.153 0.010 0.046 0.062 17 20 
65-69 0.005 0.197 0.270 0.094 0.125 0.003 0.025 0.030 8 8 
70-74 0.005 0.180 0.253 0.050 0.061 0.002 0.022 0.025 2 2 
75-79 0.001 0.071 0.143 0.042 0.056 0.003 0.016 0.020 
80-84 0.001 0.097 0.097 0.015 0.015 0.007 0.007 
85-29 0.143 0.143 0.021 0.021 0.007 0.007 








* The solid line of Fig. 2 is the same as the curve in Fig. 1. 
+ The solid line of Fig. 3 is the same as the curve in Fig. 1. 
¢ The solid line of Fig. 4 is the same as the curve in Fig. 1; the dot-dash line of Fig. 4 is the same as the dot-dash line of Fig. 3. 

§ The two rows of Fig. 7 contain percentage values because each statistical distribution was converted to percentage values before the median values were ascer- 


tained. 


tion were then assigned proportionate 
percentage values. For example, the peak 
of the distribution represented in Fig. 1 
occurred at ages 30 to 34. This modal 
value was taken to be 100 percent, and 
the remaining frequencies were then 
computed and plotted as percentages of 
this modal value. Table 6 reveals the 
absolute values used for the construction 
of Figs. 1 through 7. It is of interest to 
note that these rather small decimal val- 
ues yield fairly consistent and revealing 
‘age curves. 


Age Range for Masterworks 
of Lesser Chemists 


In order to reveal its similarity to cer- 
tain other age curves, Fig: 1 is repro- 
duced in Figs. 2 and 3 and drawn to a 
different scale in Fig. 4. Thus, the solid 
line of Fig. 2 is identical with that of 
Fig. 1. It represents, for group A, 155 
contributions each of which was cited in 


not fewer than 15 of the 44 histories. The 
dot-dash line of Fig. 2 represents, on the 
other hand, the ages at which each of 
1166 chemists produced their master- 
works, each of these 1166 masterworks 
being cited and discussed in not more 
than one or two of the 44 histories of 
chemistry. Figure 2 thus shows that 54 of 
the greatest chemists reported 155 of 
their most important contributions dur- 


‘ing a narrower age-range than that dur- 


ing which 1166 lesser chemists reported 
their masterworks. 

In the construction of the two curves 
of Fig. 2, the same procedure was ad- 
hered to as was employed for construct- 
ing Fig. 1. That is to say, the maximum 
value of each distribution used for mak- 
ing Fig. 2 was assigned a value of 100 
percent, and the other values within each 
distribution were then plotted as per- 
centages of the distribution’s modal 
value. It should be clear that, since both 
modal values of Fig. 2 were arbitrarily 
assigned values of 100 percent, the equal 





140 


120 





Fig. 1. Relationship of age 
(abscissa) to rate of pro- 
duction in chemistry. The 
curve represents average 
rate of production of 155 
very superior contributions 
by 54 chemists (group A), 
each contribution having 
been cited and discussed in 
not fewer than 15 of 44 
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histories of chemistry. 


heights of the two curves of Fig. 2 result 
from the way they were drawn and that 
this should not be taken to mean that the 
two maximum production rates were the 
same numerically, 


Most Brilliant versus Less 
Brilliant Work of Greatest Chemists 


Figure 3 shows that the greatest chem- 
ists have made their most noteworthy 
contributions during a narrower age- 
range than that during which they have 
produced their relatively minor ones. In 
Fig. 3, the solid line is again a repro- 
duction of that in Fig. 1. The dot-dash 
line of this figure represents data for 550 
of group A’s relatively minor contribu- 
tions each of which was cited in not more 
than two of the 44 histories. Obviously, 
these latter contributions were not the 
very best contributions of group A. On 
the contrary, it seems reasonable to as- 
sume that the solid line in Fig. 3 shows 
the production rate for group A’s most 
brilliant attainments and that the dot- 
dash line in this figure represents the 
production rate for 550 of group A’s less 
brilliant works. 

It will be noticed in Fig. 3 that the 
curve for the less meritorious contribu- 
tions rises earlier, attains its peak later— 
namely, at ages 40 to 44—and does not 
terminate until it reaches a fairly ad- 
vanced age level. The slower rise of the 
curve for the more important contribu- 
tions suggests that the chemist’s first re- 
search effort is usually not his most fruit- 
ful one, Although this is generally true, 
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there are more exceptions to this rule 
than might be expected. 

Without such information as is re- 
vealed by Fig. 3, it might be supposed 
that because men may be in their best 
physical condition at ages 30 to 34, they 
are best able at this time to put in long 
hours of work and withstand fatigue, and 
that for such reasons they have worked 
hardest at ages 30 to 34, attaining at 
these ages their highest production rate 
for work of every caliber—their best, 
their good, and their least brilliant. But 
Fig. 3 reveals that such a conjecture is 
not wholly valid. Whereas group A’s pro- 
duction rate for its best work was great- 
est at ages 30 to 34, for its least meri- 
torious work (as found on my master 
list) it attains its highest production rate 
not at ages 30 to 34 but at ages 40 to 44. 

Note also that, whereas the solid line 
is highest at ages 30 to 34, the dot-dash 
line dips slightly at this age level. This 
phenomenon probably means only that 
when men are producing their most not- 
able contributions they are not likely 
simultaneously to be producing their least 
notable ones. 

There probably are a great many 
reasons for the finding that older chem- 
ists are likely to do less important re- 
search than younger ones, Let us con- 
sider the case of Dumas once more by 
way of illustration. Before he was 21 
years old Dumas was engaged with J. L. 
Prevost in original work on problems of 
physiological chemistry. Here we have 
an example of a gifted young worker 
who made an early start upon his pro- 
fessional career. From 1840 (age 40) he 
was one of the editors of the Annales 
de chimie et de physique. In 1849 he 
became a member of the French Na- 
tional Legislative Assembly; he acted as 
minister of agriculture and commerce in 
1850-51, and he subsequently became a 
senator, president of the municipal coun- 
cil of Paris, and master of the French 
mint. It is difficult to see how, during 
his later years, Dumas, with all these 
other commitments, could possibly have 
given his undivided attention to re- 
search in chemistry. Obviously, he could 
not have done so. 


Uneven Work of Greatest Chemists 


It was explained earlier that in Fig. 2 
the two curves are of the same maximum 
height because they are drawn that way 
and that this should not be interpreted 
as implying that the maximum produc- 
tion rates are therefore identical. Fig- 
ure 4 is plotted differently. In this figure 
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Fig. 2. Relationship of age (abscissa) to rate of production. The solid line represents the 
same data for the 54 chemists of group A as in Fig. 1. The dot-dash line represents aver- 


age rate of production of the “one best” contribution (cited and discussed in only one or 
two of 44 histories of chemistry) by each of 1166 chemists. 


the broken line represents the production 
rate for all of the contributions on my 
master list that were made by the mem- 
bers of the peerless group A. It repre- 
sents the production rate for 1199 works, 
an average of 22.02 works per man. The 
dot-dash line represents the same data 
as the dot-dash line of Fig. 3 but is drawn 
to a different scale. This dot-dash line 
represents the production rate for group 
A’s least meritorious 550 contributions. 
And the solid line of Fig. 4 shows, for 
group A, the production rate for its 155 
most brilliant achievements. The broken 
line of Fig. 4 covers a greater area than 
do the two smaller curves because this 
broken line is based upon a larger num- 
ber of contributions—namely, the 155 
most brilliant, plus the 550 least bril- 
liant, plus 498 other contributions each 
of which was cited and discussed in from 
three to 14 of the 44 histories. 
Although both curves of Fig. 3 are re- 
produced in Fig. 4, neither of them looks 
the same in Fig. 4 because in Fig. 4 the 
peak of the curve for total output was 


assigned a value of 100 percent and all 
other averages in all three distributions 
were then assigned proportionate per- 
centage values. Thus, in Fig. 4, the peak 
of the dot-dash line is only 42 percent as 
high as is the peak of the broken line, 
because numerically the maximum pro- 
duction rate for the least valuable con- 
tributions of members of group A (those 
contributions that are cited in only one 
or two of the 44 histories) never ex- 
ceeded 42 percent of the maximum pro- 
duction for the total output of members 
of this group. 

Similarly, the peak of the solid line in 
Fig. 4 is only 25 percent as high as is the 
peak of the broken line, because the 
maximum production rate for the most 
brilliant contributions (those cited in 15 
or more of the 44 histories) never ex- 
ceeds 25 percent of the maximum pro- 
duction rate for total output. Figure 4 
merits close study. For the three groups 
of contributions, the maximum produc- 
tion rates occur at the following ages: 
(i) for the most brilliant, at ages 30 to 
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Fig. 3. Relationship of age (abscissa) to rate of production of two categories of contribu- 
tions by the 54 chemists of Figs. 1 and 2. The solid line represents the same data as in 
Fig. 1. The dot-dash line represents average rate for 550 relatively minor contributions, 
each having been cited and discussed in not more than two of 44 histories of chemistry. 
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Fig. 4. Relationship of age (abscissa) to rate of production of two categories of contribu- 
tions and of total contributions by the 54 chemists of Figs. 1-3. The solid line and the 
dot-dash line represent the same data, respectively, as the solid and dot-dash lines in Figs. 
1 and 3 (drawn to a different scale). The broken line represents average rate for 1199 
contributions that constitute the total output of this group, as revealed by a master list. 


34, (ii) for the least brilliant, at ages 
40 to 44, and (iii) for the total output, 
at ages 40 to 44. The fact that in this 
graph the curve that indicates maximum 
production rate for the most brilliant 
contributions never reaches the level of 
that for the least brilliant results from 
the way in which the two groups of con- 
tributions were chosen. One would hardly 
expect the maximum production rate to 
be as great for 151 as for 550 contribu- 
tions. Some readers may think that the find- 

Beyond age 45 the production rate ings presented in Fig. 4 result largely 
for the least brilliant achievements holds _ from the small number of contributions 
up surprisingly well, but after the chem- = employed for constructing the solid line. 
ist has passed his thirties, the production One advantage in having a large sample 
rate for his creative work of highest qual- of contributions is the fact that the 
ity tends to fall off more rapidly than validity of this finding can be verified 
does the production rate for mere quan- __ by use of other data. Figure 5 is based 
tity of output. In employing the expres- upon the contributions of an entirely 
sion “mere quantity of output” Ido not _ different group of chemists, It presents 
mean to express scorn for what the mem- _ data for 2295 contributions made by 192 
bers of group A achieved during their chemists each of whom made at least 
later years. These men were and are the __ one contribution that is cited and dis- 
most brilliant ornament of their profes- 
sion, and their least important works are 
all masterpieces in comparison with the 


say that the great chemist’s important 
work is ended at any one time prior to 
his death. The contributions made by 
the members of group A during their 
later years, though relatively minor as 
compared with their most brilliant con- 
tributions, were in toto important. 


Uneven Work of Lesser Chemists 





cussed in from 6 to 19 histories. Never- 
theless, Fig. 5 reveals the same general 
trend as does Fig. 4. Here again the 
curve which shows the production rate 
for total output and that which shows 
the production rate for the least meri- 
torious contributions tend to merge at 
the uppermost age level, and at the high- 
est age level they coincide. 

Figure 6 is based upon the work of 
chemists of less notable average accom- 
plishment than those whose production 
rates are shown in Figs. 4 and 5. It sets 
forth data for 2453 contributions made 
by 528 chemists each of whom made at 
least one contribution that is cited in 
from 2 to 5 histories. Here again the 
two curves which represent production 
rates for total output and for least im- 
portant contributions approach each 
other rapidly beyond age 39, and they 
coincide at the uppermost age level. 

As compared with Figs. 4 and 5, the 
dot-dash line in Fig. 6 lies closer to the 
broken line at almost all ages. This re- 
sults from the fact that a greater pro- 
portion of the total output of the con- 
tributors on whose work Fig. 6 is based 
was of relatively minor importance, This 
explains also why the solid line in Fig. 6 
persists to a greater age level than do 
the solid lines in Figs. 4 and 5. 

One reason why I chose to study con- 
tributions to the field of chemistry is the 
fact that this is a field that has been ex- 
tensively worked. Therefore, large num- 
bers of very superior contributions in 
this field are available for study. My 
master list includes all of the major 
chemists of whom we have any record. 
It includes contributors from every 
country that has produced any important 
workers in the field—that is, from far-off 
Australia, from Japan, China, India, 





very best work of a host of lesser men. As 
here employed, the words “mere quan- _{|J00% 


tity of output” imply only that some of ea eg 
the contributions of our greatest chem- _[-g0 / ae 
ists are much less important than are t * 


others. 60 1 

Most striking in Fig. 4 is the very ob- } 
vious tendency for the broken line and L140 
the dot-dash line to approach each other 
beyond about age 45. And, at the greatest 
age level, these two curves coincide. This 
means that, with increase in age beyond 
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about 45, total output tends more and 
more to consist solely of relatively minor 
contributions. But this age change is very 
gradual, and no abrupt change occurs at 
any one age. It therefore is not valid to 
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Fig. 5. Relationship of age (abscissa) to rate of production of a group of 192 chemists 
not covered in Figs. 1, 2, 3, and 4. The solid line represents average rate for “one best” 
contribution; the dot-dash line, for 1016 relatively minor contributions; the broken line, 
for 2295 contributions that constitute the total output of this group, as revealed by a 
master list. 
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South America, and Ceylon, and from 
others too numerous to list. And my find- 
ings possess internal consistency. For ex- 
ample, in Fig. 7 the solid line shows 
median percentage values that were 
found by study of 23 histories of chem- 
istry and the dot-dash line presents 
median percentage values that were ob- 
tained by study of 31 histories. Each of 
these two curves presents age data for 
chemists, now dead, who were born after 
1775 and not less than 70 years prior to 
publication of each book from which in- 
formation was obtained. The slightness 
of the difference in these two curves 
suggests that additional data would 
change the picture only slightly if at all. 

Some who read this article may wish 
to follow it up by turning to my discus- 
sion of the relation between age and 
achievement in many other fields of sci- 
ence, as well as in such other areas as 
practical invention, literature, music, art, 
politics, business, statecraft, mathe- 
matics, prize-fighting, philosophy, and 
so on. I refer such readers to my book, 
Age and Achievement (48), which sets 
forth, by means of tables and graphs, a 
considerable amount of factual infor- 
mation analogous to that presented here. 
This book also sets forth 16 possible rea- 
sons for the early decrements in produc- 
tion rate that occur in some fields of 
endeavor. (48, pp. 328 ff.) 

Recent events evidence the fact that 
man is rapidly attaining control over 
almost everything in the universe except 
himself. If he is to avoid destroying him- 
self, man must learn quickly to exploit 
more fully than heretofore the powers 
that lie within his own mind. This is 
only one of several reasons why we never 
can know too much about the conditions 
that give rise to creative thinking of a 
very high order. 


Comment 


How are the findings presented in this 
article to be interpreted? At present we 
are in no position to give an adequate 
explanation. Undoubtedly multiple cau- 
sation operates in these complex be- 
haviors and no condition as yet discov- 
ered is likely of itself to be a sufficient 
or necessary cause. Most psychologists 
believe, however, that few persons ever 
actually reach the very peak of perform- 
ance of which they are capable. And, if 
most individuals fail to attain their po- 
tential peak performance, it is incon- 
ceivable that any entire age group has 
ever attained its peak. Since most in- 
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Fig. 6. Relationship of age (abscissa) to rate of production of a group of 528 chemists 
of less notable accomplishment than those covered in Figs. 1, 2, 3, 4, and 5. The solid 
line represents average rate for “one best” contribution; the dot-dash line, for 1667 rela- 
tively minor contributions; the broken line, for 2543 contributions that constitute the 
total output of this group, as revealed by a master list. 
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Fig. 7. Relationship of age (abscissa) to rate of production in chemistry. The solid line 
represents median percentage values based on data in 23 histories of chemistry; the dot- 
dash line, median percentage values based on data in 31 histories of chemistry. 


dividuals, and all age groups, are prob- 
ably content to come to rest at some 
point below their maximum potential 
performance, these curves may reflect 
largely the relative extents to which the 
chemists within each of the several age 
groups have made an all-out effort to 
achieve. This is not to imply that the 
workers within any one age group have 
ever actually worked up to their full 
capacity but rather that the most pro- 
ductive group may have come closer to 
doing so than has any other group. 
Since these curves represent only the 
production rates that chemists have real- 
ized at successive age levels, and not 
their potential production rates, the 
curves do not prove that there is a decre- 
ment in the potential ability of gifted 
chemists that corresponds to the decre- 
ments in the curves. Possibly the decre- 
ments result partly, even largely, from 
the fact that older chemists often have 
been less strongly motivated than have 


younger ones and that, as compared with 
members of the younger age groups, 
members of the older ones more often 
have found themselves (like Dumas) in 
circumstances much less favorable for 
eliciting their best potential effort to 
achieve. If the conditions under which 
older chemists do their creative work 
were made more favorable, their actual 
production rate for high-level contribu- 
tions might well be much higher than it 
is and might also hold up better at the 
higher age levels than it has heretofore. 
Who knows! 

Today there is much discussion about 
the major crisis existing in the United 
States because of the present and future 
shortage of scientific personnel. In view 
of this, and in view of the data pre- 
sented in this article, serious considera- 
tion of the following questions is in 
order: (i) What are the most feasible 
methods for postponing the decrement 
in the production rate for the gifted 
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chemist’s really brilliant contributions? 
(ii) How can we best tap the reservoir 
of latent scientific talent that we know 
exists in our society but which we have 
heretofore largely ignored? (iii) For 
those youths who choose science as a 
career, what is the most practicable 
method for getting them launched upon 
their professional work at sufficiently 
early ages to enable them to realize their 
potentialities and to make the greatest 
possible number of important contribu- 
tions? 


References and Notes 


1. R. Massain, Chimie et Chimistes (Magnard, 
Paris, no date). 


2. For aid in locating the titles of some of the 


books published in Europe, I thank Dr. E. . 


Pietsch, director of the Gmelin Institut, 
Frankfort-am-Main, West Germany, and also 
Dr. André Charbonnier, of the Ecole Normal 
d’Instituteurs, Paris. I am also indebted to 
many American advisers and especially to Drs. 
Mary Elvira Weeks, Henry M. Leicester, and 
Eduard Farber as well as to Eva Armstrong 
and Lisbet Hansell of the Edgar Fahs Smith 
Memorial Collection in the History of Chem- 
istry, University of Pennsylvania. 

3. H. Bauer, Geschichte der Chemie. Géschen 


Collection. vol. 1, Von den Altesten Zeiten 
bis Lavoisier; vol. 2, Von Lavoisier bis zur 
Gegenwart (de Gruyter, Berlin and Leipzig, 
Germany, rev. ed. 3, 1921). 

4. J. C. Brown, A History of Chemistry from 
the Earliest Times (Blakiston, Philadelphia, 
ed. 2, 1920). 

5. C. A. Browne, A Source Book of Agricultural 
Chemistry (Chronica Botanica, Waltham, 
Mass., 1944). 

6. G. Bugge, Das Buch der Grossen Chemiker. 
vol. 1, Von Zosimos bis Schénbein; vol. 2, 
Von Liebig bis Arrhenius (Verlag Chemie, 
Leipzig, Germany, 1929; 1930). 

7. A. Colson, “Histoire de la Chimie,” in G. 
Hanotaux and E. Picard, Histoire de la Na- 
tion Frangaise. Tome XIV, Histoire des Sci- 
ences en France: vol. 1, Introduction Gén- 
érale: Mathématique, Mecanique, Astronomie, 
Physique et Chimie. Publication of the Société 
de l’Histoire Nationale (Librarie Plon Mourit, 
Paris, 1924). 

8. M. Daumas, L’Arte Chimique: Essai sur ’his- 


toire de la philosophie chimique (Sablon 
Bruxelles, Paris, 1946). 

9. M. Delacre, Histoire de la Chimie. Librairies 
du Bureau des Longitudes de l’Ecole Poly- 
technique (Gauthier-Villars, Paris, 1920). 

10. J. A. B. Dumas, Legons de Philosophie Chi- 
mique (Gauthier-Villars, Paris, 1937). 

11, E. Farber, The Evolution of Chemistry: A 
History of Its Ideas, Methods, and Materials 
(Ronald Press, New York, 1952). 

12. H. E. Fierz-David, Die Entwicklungsge- 
schichte der Chemie (Birkhauser, Basel, 
Switzerland, 1945) 

13. A. Findlay, A Hundred Years of Chemistry 
(Duckworth, London, 1948) . 

14, A. Findlay and W. H. Mills, British Chemists 
(Chemical Society, London, 1947). 

15. J. N. Friend, Man and the Chemical Ele- 
ments (Griffin, London, 1951). 

16. M. Giua, Storia della chemica (Chiantore, 
Turin, Italy, 1946). 

17. M. Guichard, Philosophie et Histoire de 
Mesures. vol. 1, De la Sensation a la Methode 
de Mesure; vol. 2, Essai Historique sur les 
Mesures en Chimie: (a) Avant Lavoisier, (b) 
Avec Lavoisier; vol. 3, Essai Historique sur 
les Mesures en Chimie: Apres Lavoisier (Her- 
mann, Paris, 1937). 

18. B. Harrow, Eminent Chemists of Our Time 
(Van Nostrand, New York, ed. 2, 1927). 

19. W. Haynes, Chemical Pioneers (Van Nos- 
trand, New York, 1939). 

20. T. P. Hilditch, A Concise History of Chem- 
istry (Van Nostrand, New York, 1911). 

21. E. J. Holmyard, The Great Chemists (Me- 
thuen, London, 1928). 

22. H. Kopp, Geschichte der Chemie (Rieweg, 
Braunschweig, Germany, 1843), vols. 1 and 2. 

23. A. Ladenburg, Histoire du Developpement de 
la Chimie Depuis Lavoisier Jusqu’a Nos 
Jours. Traduit sur la 4éme edition allemande 
(Hermann, Paris, 1909). 

24. H. M. Leicester, The Historical Background 
of Chemistry (Wiley, New York, 1956). 

25. H. M. Leicester and H. S. Klickstein, A 
Source Book in Chemistry: 1400-1900 (Mc- 
Graw-Hill, New York, 1952). 

26. F. Lieben, Geschichte der Physiologischen 


Chemie (Deuticke, Leipzig and Vienna, 
1935). 
27. E. O. von Lippmann, Zeittafeln zur Ge- 


schichte der Organischen Chemie: Ein Ver- 
such (Springer, Berlin, 1921). 

28. G. Lockemann, Geschichte der Chemie. pt. 
I, Vom Altertum bis zur Entdeckung des 
Sauerstoffs; pt. II, Von der Entdeckung des 
Sauerstoffs bis zur Gegenwart. Géschen Col- 
lection, vols. 264 and 265/265a (de Gruyter, 
: 1950; 1955). 

2. T. M. Lowry, Historical Introduction to 
Chemistry (Macmillan, London, 1915). 


Future Radiation Dosage 


from Weapon Tests 


Extrapolations are offered for three possibilities— 
testing remains constant, it ceases, it increases. 


The world-wide radioactive fallout 
from H-bomb tests has raised the ques- 
tion whether this change in environment 
will have serious consequences for the 
healthy development of man. As has 
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been discussed by W. F. Libby, commis- 
sioner of the Atomic Energy Commis- 
sion, the main constituents which the 
tests add to man’s radioactive environ- 
ment are strontium-90 and cesium-137 





30. T. Macard, Petite Histoire de la Chimie et 
de 7’ ‘Alchimie (Delmas, Bordeaux, France, 
1939). 

31. S. F. Mason, A History of the Sciences: Main 
Currents of Scientific Thought (Routledge 
and Kegan Paul, London, 1953). 

32. A. Mittasch and E. Theis, Von Davy und 
Débereiner bis Deacon: Ein Halbes Jahr- 
hundert Grenzflachenkatalyse (Verlag Chemie, 
Berlin, 1932). 

33. L. J. Olmer, Les Etapes de la Chimie (Presses 
Universitaires de France, Paris, 1941). 

34. J. R. Partington, A Short History of Chem- 
istry (Macmillan, London, ed. 2, 1951). 

35. F. Perchi and A. Siissenguth, A Pictorial His- 
tory of Chemistry (Heinemann, London, 
1939). 

36. W. Prandtl, Deutsche Chemiker in der ersten 
halfte des neunzehnten Jahrhunderts (Verlag 
Chemie, Weinheim/Bergster, Germany, 1956). 

37. H. M. Smith, Torchbearers of Chemistry 
(Academic Press, New York, 1949). 

38. J. N. Stillman, The Story of Early Chemistry 
rae New York, 1924). 

39, A. Tilden, Chemical Discovery and In- 
Coan in the Twentieth Century (Dutton, 
New York, 1936). 

40. , Famous Chemists: The Men and 
Their Work (Routledge, London, 1921). 

41. H. Valentin, Geschichte der Pharmazie und 
Chemie in Form von Zeittafeln (Wissenschaft- 
liche i; nee Stuttgart, Germany, 
rev. ed. 3 0). 

42. “PF; Waliea, Masz, Zahl, und Gewicht in der 
Chemie der Vergangenheit (Enke, Stuttgart, 
Germany, 1931). 

43. P. Walden, Drei Jahr Tausende Chemie 
(Limpert, Berlin, 1944) . 

44. M. E. Weeks, Discovery of the Elements. Pub- 
lication of J. Chem, Educ. (Easton, Pa., ed. 
5, 1948). 

, Discovery of the Elements, with a 

chapter on elements discovered by atomic 

bombardment, by H. M. Leicester, Ed. Pub- 
lication of J. Chem. Educ. (Easton, Pa., 

1956). 








45. 


46. An analogous situation exists in the field of 
sports where, for example, the champion 
golfer may continue to play at an amateur 
level for a longer time than he will play at 
a championship level. 

47, Like the word contribution, the word master- 
work refers to the total research output re- 
ported during any one year. Often the chem- 
ist received his maximum number of credits 
or tallies for a single discovery, but sometimes, 
as in the case of Sir Humphry Davy, the 
chemist made several highly important dis- 
coveries during the course of a single year. 

48. H.C. Lehman, Age and Achievement (Prince- 
ton Univ. Press, Princeton, N.J., 1953). 


(1-3). The former appears to be of 
greater importance because its chemical 
similarity to calcium leads to its selec- 
tive deposition in bone, where in suffi- 
cient quantity it may have carcinogenic 
effects. In spite of the present experi- 
mental uncertainties in predicting the 
biological effectiveness of Sr®° from the 
better-known effects of radium, there 
seems to be general agreement that the 
Sr®° level now attained as a result of 
past tests is not a real hazard, when 
judged on a global scale of normal hv- 
man misery. 

The serious question pertains to future 
tests and depends, of course, on the rate 
at which tests may be continued in the 
future. Many statements, some of them 
of a sort to placate fears, have been 
made about the effects to be expected as 
a result of past tests. 





The author is a physicist at Argonne National 
Laboratory, Lemont, III. 
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The purpose of this article (4) is to 
extend the discussion to include the ef- 
fects of future tests by making various 
assumptions about the course of future 
events. For the sake of extrapolating into 
the future, we shall assume that any one 
of three possible courses might be fol- 
lowed; and with these three we hope to 
bracket the likely actual development of 
future testing. 

The three courses, idealized for sim- 
plicity of calculation, are (i) that test- 
ing continues at its present rate, (ii) that 
testing now ceases and we consider only 
the result of the radioactive burden al- 
ready injected into the stratosphere, and 
(iii) that the rate of testing continues to 
increase at the average rate at which it 
has increased since late 1951. Unless 
there is a drastic change in the policies 
of various nations, it seems likely that 
the actual event will lie between (ii) 
and (iii), on the average, for many years. 
The expressions for the accumulated ac- 
tivities corresponding to these different 
assumptions are derived in the last sec- 
tion of the paper, where the equations re- 
ferred to in other parts of the paper will 
be found. These equations are used as 
the basis for the following qualitative 
discussions. 


Extent of Past Testing 


W. F. Libby has given the figure of 1/2 
mc/mi? per megaton for the distributed 
contamination by Sr®° from the explo- 
sion of a bomb—that is, an H-bomb of 
sufficient power to penetrate the strato- 
sphere injects into it enough radioactiv- 
ity of Sr®° that, if the activity should be 
distributed uniformly above (or on) the 
earth’s surface, it would amount to one- 
half millicurie per square mile for each 
megaton (TNT equivalent) of that part 
of the bomb’s power derived from fission. 
We can use this figure as a unit of bomb 
radioactivity effective for our purpose. 

The most reliable figure available (2, 
p. 952) for the extent of past testing is 
that about 30 megatons equivalent of 
fission products had been deposited in 
the stratosphere by about the end of 
1956. Libby also gives the mean life for 
fallout from the stratosphere as about 10 
years, or perhaps a little less, and for 
radioactive decay of Sr® it is 40 years 
(corresponding to half-lives of 7 years 
and 28 years, respectively). These are 
both longer than the period T,=5 years 
over which tests have been carried out 
between late 1951 and late 1956, and we 
may reasonably calculate as though the 
injection had been at a constant rate 
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equal to the average rate Ry over this 
period, although the injection was ac- 
tually strongly peaked at the middle of 
the period, in 1954. 


Prediction of Effects of 
Future Tests 


1) Accumulated fallout from a single 
blast. The basic problem from which 
others are compounded is the calculation 
of the fallout following a single burst of 
radioactive material into the stratosphere 
by a single thermonuclear test. Let a sin- 
gle blast introduce an amount A of ra- 
dioactivity into the stratosphere at time 
t=0, and assume that the stratospheric 
circulation distributes this material uni- 
formly in a time that is negligible in 
comparison to the half-lives for fallout 
and radioactive decay, so that fallout and 
decay occur uniformly over the earth’s 
surface (5). In this case the radioactive 
burden in the stratosphere decays both 
by fallout and by radioactive decay (in 
close analogy to a nuclide which may 
decay, for example, by either alpha or 
beta emission). The accumulated radio- 
activity y on the surface of the earth then 
builds up by fallout at a rate which de- 
pends on the stratospheric burden at any 


time ¢ and on the decay constant for 
fallout, and it is diminished by radioac- 
tive decay at a rate depending on the 
amount y on the ground at this time and 
the radioactive decay constant. The net 
effect of these two competing processes 
at ground level is that, at first, when the 
fallout from the large stratospheric bur- 
den is high and there is still very little 
to decay on the ground, the amount y 
on the ground builds up; but as the rate 
of gain from fallout decreases and the 
rate of loss from radioactive decay in- 
creases, the graph of y versus t levels off 
at a maximum and thereafter decreases 
as shown by curve 0 of Fig. 1 (See Eq. 
2 in the section “Mathematical consid- 
erations”). On the basis of Libby’s fig- 
ures cited above, y reaches a maximum 
value of 0.535A about 16 years after the 
blast. 

2) Result of continuing tests at a con- 
stant rate. Although tests are actually 
conducted as a series of isolated events, 
their effect over a long period may be 
approximated satisfactorily by assuming 
an average rate of injection of radioac- 
tivity into the stratosphere. Let us there- 
fore consider the effect of continuing 
H-bomb tests throughout the world at the 
same average rate R, at which they have 
been conducted over the past 5 years. 
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Fig. 1. Curve 0 gives the rise and fall of ground activity (Eq. 2) following a single burst 
(equal in magnitude to the total testing through 1956). The abscissa is time in years. 
Curve 1 gives the result (Eq. 12) for testing at a uniform rate, Ro=3 mc/mi® yr, over 
the first 5: years, after which testing is discontinued. The ground radioactivity in milli- 
curies per square mile may be found by setting A = 15 mc/mi’, corresponding to the esti- 
mated 30 megatons equivalent of fission products deposited in the stratosphere by the 
end of 1956. The peak value, y= 8 mc/mi’, occurs after 16 years—that is, in 1972. This 
predicted peak is about 2.75 times as large as the calculated value of 2.95 mc/mi®* at the 
end of 1956. Curve 1’ is the same as curve 1 except that it is computed on the assumption 
that the mean life for fallout is 5 years (instead of 10 years). 
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The stratospheric burden then builds up 
to a steady value for which the rate of 
attrition by fallout and radioactive decay 
is just balanced by the steady replace- 
ment from testing. This course of events, 
which is described by Eq. 8, is repres- 
ented by curve 2 of Fig. 2. For the val- 
ues we have adopted for the constants, 
y approaches asymptotically to the limit- 
ing value of 96 mc/mi?. This limit is 


32.6 times the intensity of radiation from 
fallout at the end of 5 years. The inten- 
sity reaches half of the limiting value in 
36 years. For comparison, curve 1 on the 
same figure shows the.result (Eq. 12) if 
tests had been stopped at the end of 
1956. To show the effect of a change in 
the somewhat doubtful value of the mean 
life for fallout, curve 2’ shows the result 
when the mean life is assumed to be 5 























100 
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Fig. 2. Curve 2 gives the approach to equilibrium intensity of fallout (Eq. 8) for a steady 
rate of testing, Ro= 3 mc/mi* yr. The horizontal broken line gives the asymptotic value, 
96, found from Eq. 10. For comparison, curve 1 is the same as the broken curve 1 of Fig. 
1, giving the result if tests should be stopped now (Eq. 12). Curve 2’ is the result if the 
mean life for fallout is taken to be 5 years (instead of 10 years as assumed for curve 2). 
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Fig. 3. Curve 3 gives the growth of fallout activity if the rate of testing increases in direct 
proportion to the time (Eq. 17). The dashed straight line on the right indicates the 
asymptotic value from Eq. 20. The ordinate gives ground radioactivity in millicuries per 
square mile. The insert shows detailed comparisons for the first few years. As in Fig. 2, 
curves 1 and 2 give the respective activities if tests should be discontinued or if they 
should continue at the present rate. The former is too low to be seen on the scale of the 
large graph. Curve 3’ and the dash-dotted straight line are the corresponding curve and 
asymptote if the mean life for fallout is assumed to be 5 years (instead of 10 years). 
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years—a value favored by some workers 
in the field. 

It should be noted that y is the ac- 
cumulated amount of one particular ra- 
dioactive nuclide. The numerical values 
given above apply to Sr®°°, the most sig- 
nificant activity for the present discus- 
sion. The total amount of radioactivity 
would be the sum of such terms for all 
the radioactive materials involved. 

3) Future dosage if tests should be 
stopped now. If testing proceeded at a 
constant rate up to time JT, and then 
stopped abruptly, the radioactive mate- 
rial then on the ground would disinte- 
grate according to the simple exponential 
law of radioactive decay, while the course 
of events for the material in the strato- 
sphere at time Ty would be the same as 
if this material had been injected by a 
blast at this instant. 

This is described mathematically by 
Eqs. 11 and 12 and is shown graphically 
by curve | of Fig. 1. Except for the initial 
part, it differs very little from the result 
of a single large test carried out at time 
T,/2=2.5 years, as is shown by the uni- 
form lateral displacement between curves 
O and 1. [For the ordinate of curve 1, 
y/A is replaced by (A,+A,) y/R, to fit 
Eq. 12.] Curve 1’ is the same as curve 1, 
except that it is computed on the assump- 
tion that the mean life for fallout is 5 
years (instead of 10 years). 

4) Future dosage if the rate of testing 
should continue to rise at a constant rate. 
Unless special international arrange- 
ments are consummated, it is to be an- 
ticipated that there will be an increasing 
number of nations testing nuclear weap- 
ons in the future, and it is possible that 
tests by each country will grow in size or 
number, or both, as a result of the nor- 
mal expansion of military requirements. 
As a plausible. upper limit to the likely 
future world-wide testing, barring war, 
we assume a rate R(t) which increases 
at a steady rate equal to the average 
rate of increase from the beginning of 
H-bomb testing up to the present. Equa- 
tion 17 which describes this case, is quite 
complicated, but it predicts that, as is 
shown by curve 3 of Fig. 3, there is an 
accelerated increase of the accumulated 
radioactivity y on the ground, as should 
be expected. This curve asymptotically 
approaches the dashed straight line. 
With the constants adopted for this dis- 
cussion, the radioactivity y on the ground 
eventually increases at a steady rate of 
38.4 mc/mi? per year for this program. 
The results for the other assumed test- 
ing programs are included for compari- 
son in this figure. Curve 3’ and the 
dash-dotted straight line are the corre- 
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sponding curve and asymptote if the 


‘mean life for fallout is assumed to be 5 


years (instead of 10 years). 


Discussion and Conclusion 


From these calculations we can make 
several statements comparing future dos- 
ages with “present” dosages. If tests had 
been stopped at the end of 1956, the 
ground intensity of Sr®° would have in- 
creased by 1970 to a maximum about 
two and three-quarters times that at the 
end of 1956, and thereafter it would 
gradually decline (Fig. 1). If tests should 
continue at a steady average rate, the 
ground intensity would increase to a lim- 
iting value about 32.5 times as great as 
it was at the end of 1956 (Fig. 2). In the 
extreme case that the rate of testing 
should go on increasing at the steady 
rate equal to the average rate of increase 
during the first 5 years, the ground in- 
tensity in 100 years would be about 730 
times as great as it was at the end of 
1956 (Fig. 3). The last figure, of course, 
is intended only to supply a plausible 
upper limit based on an easily formu- 
lated assumption and to suggest that in 
the natural course of events a substantial 
increase is to be expected. It does not 
seem likely that peacetime testing will 
mount to such limits. 

If we should attempt to provide a very 
rough calibration of the scale of dosage 
we have been using in terms of antici- 
pated human pathology, we would pass 
beyond the realm of straightforward an- 
alysis and into a field of very necessary 
and vital speculation which is, however, 
beyond the proper scope of this paper. 
About it I shall here do no more than 
make a few very inadequate remarks. 
Some idea of the extent of the problem 
may be gained from Libby’s papers (/—3) 
and their lists of references, though much 
work remains to be done on it. 

Some perspective on the problem can 
be gained by comparison of the radio- 
activity from the tests with the radiation 
to which large populations are normally 
exposed. Libby has referred (3) to the 
variation of cosmic rays with altitude, 
pointing out that the variation of ioniza- 
tion in bone between Denver and New 
York is much greater than the bone radi- 
ation from Sr®° due to tests to date. A 
different approach is to compare Sr 
with another radioactive substance, 
namely radium, which also deposits in 
bone and which is very widely distrib- 
uted in small and varying concentrations 
in drinking water. Radiological studies 
(6) show that the residents of the west- 
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ern suburbs of Chicago, who drink deep- 
well water containing about ten times as 
much radium as average drinking water, 
have an internal dose due to radium 
greater than the dose they would have 
from strontium if the surface density of 
Sr®° were 3000 mc/mi?. Even with our 
most pessimistic assumption of a steadily 
increasing rate of testing, it would take 
about 125 years for the world-wide aver- 
age density of Sr®° to reach this level. 

In any such discussion, allowance must 
be made for fluctuations. There is con- 
siderable variation in the world-wide dis- 
tribution of Sr®°, the north temperate 
latitudes receiving more than the rest of 
the world, particularly in the general 
vicinity of test sites where there is also 
the additional burden of local fallout of 
other substances. Moreover, the efficiency 
with which Sr®° is transferred to human 
beings exhibits large local variations as- 
sociated with calcium deficiencies in 
some soils. Thus certain local popula- 
tions may be jeopardized by Sr®° long 
before the global average seems impres- 
sive. 

The use of a special population, such 
as the Chicago suburbanites, as a basis 
for calibration is very insensitive and 
can give no more than a rough upper 
limit, a feeling of assurance that the 
hazard is not serious compared with 
other normal hazards of living. It is 
based on the fact that no recognizably 
greater incidence of trouble has been 
found there than elsewhere. To be recog- 
nizable, it would have to be much 
greater—else it would be masked by fluc- 
tuations and incomplete diagnoses. 

A more sensitive criterion is found in 
the extrapolation to man of pathology 
induced experimentally in other ani- 
mals. Here there is serious uncertainty 
in the extrapolation, but it is possible to 
establish a reasonable expectation of the 
numbers of cases of cancer and genetic 
abnormality which, while perhaps very 
small compared with the world popula- 
tion in which they occur, represent nev- 
ertheless a lamentable absolute amount 
of human suffering. The fact that the 
cause of this particular trouble, in con- 
trast to the other hazards of normal life, 
is a deliberate act of governments brings 
it under special scrutiny. 

It is nevertheless important that the 
problem, and the possible solution of the 
problem, of continued testing be viewed 
in realistic perspective. Relative quanti- 
ties are important here as elsewhere, 
even though deliberate incidence of 
human misery is involved. Judgment 
should not be unduly swayed by one pre- 
diction of human suffering if the alter- 


native were to increase appreciably the 
likelihood of a much greater catastrophe. 
Modern global war would involve such 
vast tragic consequences to irreplaceable 
institutions as well as to life and health 
that its avoidance must be the trans- 
cendent consideration. Some (myself 
among them, as is apparent in other 
writings) believe that an agreement to 
stop tests on a world-wide basis would 
reduce the likelihood of war and should 
be sought for that reason. In this view, 
the reduction of the prospective radiation 
dosage may be viewed as an incidental 
but relatively minor bonus, a secondary 
incentive for arranging to stop the tests. 
It is the primary incentive that must be 
most seriously considered in weighing the 
various aspects of the security of the 
nation and the world. The above analy- 
sis, together with an adequate treatment 
of the problems of pathology here 
merely mentioned, might give the im- 
pression that the secondary incentive is 
not as urgent as it seems to some. Such 
an impression should not be permitted 
to obscure the forcefulness of the pri- 
mary incentive for stopping tests, that of 
the prevention of war. 


Mathematical Considerations 


As stated in the section “Extent of 
past testing,” the data used by Commis- 
sioner Libby are (i) the total testing in 
the 5 years ending with 1956 was about 
30 megatons’ equivalent of TNT; (ii) 
about ¥% mc/mi? of radioactivity results 
from 1 megaton equivalent; (iii) the 
mean life for fallout is about 10 years, 
or perhaps a little less; and (iv) the 
mean life for radioactive decay of Sr®° 
is 40 years. Since the decay constants 
(A, and 4,.) are just the reciprocals of 
the corresponding mean lives, A,=0.10 
per year for fallout and 4,=0.025 per 
year for radioactive decay of Sr®. If 
R, is taken to be the average rate of pro- 
duction of Sr®° from testing during the 
5 years ending with 1956, 


Ro= (6 megaton/yr) (% mc/mi? megaton) 
=3 mc/mi’ yr. 


The 5-year period during which these 
tests have taken place is represented by 
the time T, in the general discussions. 
For comparison, the curves with primed 
numbers were computed on the assump- 
tion that the mean life for fallout is 5 
years, a value favored by some scientists; 
the corresponding decay constant is 
A,=0.20 per year. The values given 
above have been substituted in the equa- 
tions below to obtain the numerical re- 
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sults cited in the section “Prediction of 
effects of future tests.” 

1) Accumulated fallout from a single 
blast. Assume that at time t=0 radioac- 
tivity of amount A of some particular 
nuclide (for example, Sr®°) is put into 
the stratosphere by a single blast. Let A, 
be its radioactive decay constant, the 
fraction of this nuclide which decays per 
unit time; and let Ay be the effective de- 
cay constant associated with fallout. (A 
decay constant is the reciprocal of the 
corresponding mean life.) It is further 
assumed that this radioactivity becomes 
uniformly distributed above the earth be- 
fore appreciable loss occurs by fallout 
and decay. If there were no radioactive 
decay, the activity remaining in the strat- 
osphere after fallout had continued for 
time ¢ would be 


xo(t) = Ae” Yt, 


and the activity on (or near) the earth’s 
surface would be 


yo(t) = A(1-e7*rt), 


But since radioactive disintegration with 
decay constant A, proceeds simultane- 
ously and independently, the actual ac- 
tivities in the stratosphere and on the 
ground will be less than these by the fac- 
tor er. Thus the activity remaining in 
the stratosphere at time ¢ will be 


x(t) = Ae Ort (1) 


and the net accumulation on the ground 
will be 


y(t) =A(1 — e-#t) ert, (2) 


Curve 0 of Fig. 1 is a plot of Eq. 2. 
These results can also be obtained by 
solving the differential equations ob- 
tained by noting that the instantaneous 
rate of fallout from the stratosphere to 
the ground is A,x and the rates of loss by 
radioactive decay are i,y in the strato- 
sphere and A,x on the ground; so 


dx/dt =—Apx—Arx =— (Ap t+Ar)x 


and 
dy/dt =+ Ajx—d,y 


The results cited in subsection 1 of “‘Pre- 
diction of effects of future tests” were 
obtained from Eq. 2. 

The resultant effect for a series of 
blasts is just the sum of terms similar to 
those in Eqs. 1 and 2, since the rate of 
decay of the radioactivity from each blast 
is independent of other events. Thus, if 
radioactivity of amount A, is injected 
into the stratosphere at time ¢t,, amount 
A, at time ¢,, and so forth, then the 
radioactive burdens in the stratosphere 
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and on the ground at any later time ¢ 
are, respectively, 


x(t) = Age Or the) (tt) + 
Age (rr) (t-ta) + 2. (3) 
y(t) = Aaf1 — ert td ]e Metta) + 
Ag l — e-r(t-tajeMe(t-te) +... (4) 
The sums should include only the terms 
for those blasts that have taken place 
prior to time ¢ in order to avoid the ab- 
surdity of including effects of blasts be- 
fore the blasts have taken place. 

2) Result of continuing tests at a con- 
stant rate. One easily calculated special 
case of continued testing is that in which 
radioactive material is produced at a 
constant rate Ry. In this case, the A of 
Eqs. 1 to 4 is replaced by Ry dt;, the 
amount of the material produced be- 
tween ¢; and (t;+dt,). This program 
offers a fairly good approximation to a 
continued sequence of blasts at a con- 
stant average rate, if the time between 
the blasts is smaller than the half-lives 
for fallout and radioactive decay.. Under 
these assumptions, the sums in Eqs. 3 
and 4 become the integrals 


t 
“(=f Roe Or*®)(t-tWdes. (5) 
0° 


and 


t 
y(t) =f Rofl — en rete Jem Arlt te des. 
0 
(6) 


Straightforward evaluation of these in- 
tegrals leads to 


Ro —(Ager 
x(t) =Op tay Goerond 
and 
_ Ro 
1) = pT) * 
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These asymptotically approach the limit- 
ing values 


Xo = Ro/ (At + Ar) (9) 
yoo = Rodt/hr (At + Ar) (10) 


The numerical results cited in subsection 
2 of “Prediction of effects of future tests” 
were obtained from Eqs. 8 and 10. Curve 
2 of Fig. 2 is a plot of Eq. 8, and the 
broken horizontal line corresponds to 
Eq. 10. 

The value of the mean life for fallout 
is not well established, and any revision 
in it would probably be downward. As 
an illustration of the alteration of the 
graphs in consequence of such a change, 
take the mean life to be 7 years (instead 
of 10 years). The value of y (5 yr) then 
becomes 3.95 mc/mi? (raised from 





2.95), and the asymptotic value y (©) 
is raised proportionately less, from 96 
to 102.1 mc/mi?. The ratio y (©)/y (5 
yr) is lowered from 32.6 to 25.9. 

3) Future dosage if tests were to be 
stopped now. Assume that testing pro- 
duces the. radioactive material at a 
constant rate Ry up to time Ty, when 
testing is discontinued abruptly. For 
0=t=T,, Eqs. 7 and 8 still apply. 
Hence the amounts of material in the 
stratosphere and on the ground at time 
T, are, respectively, 

Ro 


x(To) = Tithe) {1 = er +e) To} 


and 


oi. 
1) * ei) © 


ee + Ort e)To — (it 1 1) ent |. 


As pointed out in subsection 3 of “Pre- 
diction of effects of future tests,” the 
course of events for the material in the 
stratosphere at time Ty is the same as 
if it were injected by a single blast at 
that instant—that is, x(t) for the pres- 
ent case is obtained by replacing A by 
x(T,) and t by (¢-—T,) in Eq. 1. Thus 
the stratospheric burden at any time 
t.> Tigial 
Ro 

*(t) = p+ ar) * 

[1 — ert ded To] err tAe) (t- To) ; 
whence 


bl ie 
5) = Cite) © 


[el*rt>riTo— te (rtrd, (11) 


The amount of radioactivity on the 
ground is expressible as the sum of two 
terms. The first term y, represents the 
residue after the amount y (T,) which 
was on the ground at time T, has un- 
dergone exponential radioactive decay 
until time ¢. This term is, therefore, 


y= y(To) e7 *r(t-To) 
Ro 


> iieniecieemeaan at (Ag tp) To — 
=a lite Say 
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Ar 
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The additional radioactivity on the 
ground as a result of fallout from the 
stratosphere is found by the same method 
as was used to get x(t)—that is, A is re- 
placed by x(T,) and ¢ by (t-T,) in 
Eq. 2. Hence, the second portion y, of 
the radioactivity on the ground at any 
time t > Ty is 
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Hence the total amount of radioactivity 
on the ground at time t > T, is 


y(t) =r t ye 


ar Cers {Li @rTo+ @M1To— 
Tr 


(F! + 1) | eo rt oo [e*rTo - e 41To] x 
hr 
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y(t) = TaD } (f+ 1) [errTo— 1]e“*rt — 
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This equation is plotted as curve 1 of 
Fig. 1. 

4) Future dosage if rate of testing 
should continue to rise at a constant rate. 
The idealized case which is selected as 
a plausible upper limit to the likely fu- 
ture world-wide testing is taken to be that 
in which R(t), the rate of production 
of radioactive materials, increases in 
direct proportion to the time ¢. Then if 
Ry is the average rate of production dur- 
ing the interval from t=0 to t=T,, the 
rate at any time ¢ is 


R(t) = (2Ro/To) t (13) 


and the material produced in the interval 
between ¢, and (t;+dt;) is 


(2Ro/To) ti - dti. 
When this replaces A in Eqs. 3 and 4 


and the sums are replaced by integrals 
over the time ¢,, the result is 


t 
x(t) = f (2Ro/To) tee OF * (Et) det 
. (14) 
t 
y(t) =f (2Ro/To) té X 
1 — eo Mitte lt-tede; (15) 


Hence 
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The latter result, which is shown as curve 
3 of Fig. 3, is expressed somewhat more 
neatly if the decay constants A,, 4, 
and (A,;+4,) are replaced by the corre- 
sponding mean lives 1,, t,, and 7}. 

For late times, for which ¢ > 1/A,, the 
exponentials in Eqs. 16 and 17 approach 
zero, so x(t) and y(t) approach the 
asymptotic values 


- oe 
= alt asta | (18) 


= raed List orem) 
19) 


With the assumed numerical values for 
the constants, Eq. 19 becomes 





y = (38.4 mc/mi*) (t/yr- 48). (20) 


Irving Langmuir, 


Man of Many Interests 


In these days of near hysteria on the 
world-wide scene, as claims and counter- 
claims are made of the superiority of this 
or that method of teaching science, of 
conducting scientific research, and of sup- 
porting basic research studies, it would 
do everyone involved in this turmoil a 
lot of good if he would pause a moment 


23 MAY 1958 


to consider Irving Langmuir’s life, back- 
ground and attitude toward science [V. 
J. Schaefer, “Irving Langmuir, Versatile 
Scientist,” Bull. Am. Meteorol. Soc. 38, 
483 (1957); “In Memoriam: Irving 
Langmuir—Scientist,” J. Colloid Sci. 13, 
3 (1958)]}. With his death, on 16 August 
1957, the world lost another of the sci- 


This asymptote is shown as the dashed 
straight line at the right in Fig. 3. 

This assumption of a steadily increas- 
ing rate of testing is not, of course, the 
best possible approximation to the course 
of events over the past few years. How- 
ever, refinements in the assumptions for 
this period have little significance be- 
cause the effects of these early tests are 
overshadowed at much later times by the 
large amounts of activity resulting from 
the assumed accelerated rate of testing. 
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entific giants who strode across the scien- 
tific scene during the first half of the 
20th century, leaving a trail of pioneering 
achievements which those with pessi- 
mistic attitudes attempt to explain away 
as “due to that period being the golden 
age of science when scientific break- 
throughs were easier to come by, because 
there was so much virgin field to till.” 

Langmuir’s attitude toward the mod- 
ern scientific scene of the past few years 
was in direct conflict with such a philoso- 
phy. His enthusiasm for the newer 
achievements remained undiminished, 
his impatience being directed only to- 
ward those he felt were “dragging their 
feet” and serving as “wet blankets” in 
the development of new concepts and 
ideas, 
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Irving Langmuir on the slopes of Mt. Washington, New Hampshire, on Easter Sunday, 
1944. 


His research procedures and philoso- 
phy were in direct conflict with some of 
the current attitudes of industrialists and 
even research directors, who give voice 
to the idea that the day of the individual- 
ist and the “paper-clip, string, and seal- 
ing-wax” type of experiment as a basis 
of scientific achievement is of a bygone 
era, and that what are needed nowadays 
are teams of workers using only the most 
elaborate, expensive, and refined equip- 
ment if any degree of progress is to be 
expected in pushing back the frontiers of 
scientific knowledge. 

It is quite possible that these attitudes 
have led us into our current predicament. 
Teamwork is needed for applied research 
and, in some cases, in operating the great 
cyclotrons, accelerators, radio telescopes, 
and satellite launchers whose end result 
may be the development of new ideas. 
In the final analysis, however, it is the 
dreamer, the isolated individual, or the 
individualist of a research organization 
who is responsible for the new concept, 
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the radical approach, or the new theory 
which needs testing. 

Langmuir gave wonderful talks on 
serendipity, which he often discussed 
with students. I have heard him hold 
forth at considerable length on the im- 
portance of developing an inquiring 
mind and an active interest in all natural 
sciences and, when working on a research 
problem, of trying everything—even the 
things which apparently will obviously 
not work! By ranging far and wide ‘in 
exploring the problem at hand, he 
stressed the importance of awareness at 
all times, since it is often at times least 
expected that the unexpected—the for- 
tunate accident—happens. 

Langmuir’s concepts of the scientist 
and his role in society were firm and defi- 
nite. They were well expressed in his 
presidential address before the American 
Association for the Advancement of Sci- 
ence entitled “Science, common sense 
and decency” [Science 97, 1 (1943)]. He 
believed that there were some aspects of 





the world to which the scientific method 
was not applicable in its commonly ac- 
cepted framework. These ideas were de- 
veloped in a talk delivered before the 
National Academy of Sciences when the 
new General Electric Research Labora- 
tory was dedicated, and dealt with con- 
vergent and divergent phenomena. 

It was his conviction that this recep- 
tiveness to the unexpected is one of the 
most important attributes to cultivate if 
a young student is to become a successful 
scientist. 

Some of his attitudes were undoubt- 
edly acquired from his boss—the be- 
loved and lately deceased Willis R. 
Whitney. It was “Doc” Whitney who 
popularized the word serendipity and 
whose daily greeting of “Are you having 
fun?” and “Have you tried it?” undoubt- 
edly served to develop Langmuir’s enthu- 
siastic attitude toward his coworkers. It 
was also Whitney who, when told by the 
then recently employed Langmuir that he 
was having a wonderful time but couldn’t 
see how anything he was doing could 
help the company, retorted that this was 
his (Whitney’s) worry, not Langmuir’s, 

In these days of empire building, con- 
formity, and the organization man, in 
which the nonconformist, an unorthodox 
thinker, or an individualist is likely to 
encounter increased difficulty in finding 
an environment conducive to living, let 
alone in carrying out effective research, 
we should examine the environment 
which permitted the development of 
Whitney, Coolidge, Dushman, Hull, and 
Langmuir. I was privileged to know these 
men and to be familiar with the environ- 
ment in which they flourished. It was 
one permeated with free communication, 
enthusiastic response to each other's 
achievements, and sincere helpfulness to- 
ward each other’s problems. In some re- 
spects, the industrial laboratory in which 
Langmuir spent most of his productive 
life was an environment perhaps superior 
to the best universities, since technicians 
were readily available to cope with prob- 
lems of fabricating instruments and ap- 
paratus, while the new discovery which 
had practical application could often be 
followed to its ultimate use. Thus, in ad- 
dition to enjoying discovery for its own 
sake, it was often possible to sense the 
full savor of achievement. 

Langmuir’s career demonstrates the 
value of a broad technical education and 
the importance of presenting intellectual 
challenges to youngsters at an early age. 

I have seen him demonstrate the 
workings of a slide rule to grammar 
school students and offer the challenge 
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of underwater swimming and other 
equally difficult challenges, physical and 
mental, to preschool youngsters. 

He was never happier than when sur- 
rounded with youngsters and delighted in 
getting them to stretch their brains. We 
need more men like him, and we should 
devise workable procedures to take ad- 
vantage of their enthusiastic help wher- 
ever programs are under development for 


leading bright youngsters toward scien- 
tific careers. Too little stress has been 
directed toward drawing the attention of 
youngsters to the satisfying sense of in- 
tellectual achievement which is an in- 
tegral part of the compensations received 
by the true scientist. For those who feel 
that the golden age is past, Langmuir 
would probably say that it is certainly 
past for individuals who think this to 


News of Science 


Euratom Agreement 


John W. Finney reported in the 8 May 
New York Times that the United States 
and the European Atomic Energy Com- 
munity have agreed in principle on a 
broad-scale cooperative program to pro- 
mote the development of atomic power 
in Western Europe. The agreement, 
which still must be formally approved 
by both sides, provides for United States 
technical and financial assistance in the 
construction of atomic power plants in 
the six European nations banded to- 
gether in the atomic energy group known 
as Euratom. When carried out, the agree- 
ment will represent one of the biggest 
steps yet taken by the United States to 
implement the policy of atoms-for-peace 
first proclaimed by President Eisenhower 
in 1953. 

Inspection Issue Solved. In reaching 
the agreement, the two sides finally suc- 
ceeded in overcoming the issue of inspec- 
tion, which had obstructed negotiations 
in recent months. Previously, Euratom 
has been insistent that it should perform 
the inspection to make sure that none of 
the fissionable materials were diverted 
to military purposes. The United States, 
through the Atomic Energy Commission 
and the State Department, had been de- 
manding inspection rights of its own as 
a precondition to cooperation. 

In the recent negotiations a compro- 
mise agreement was reached. The details 
have not been made public, partly be- 
cause the issue may still be subject to 
diplomatic negotiations. The negotiating 
teams were headed by Max Kohnstamm, 
special adviser to the Euratom commis- 
sion, and R. W. Cook, deputy general 
manager of the Atomic Energy Commis- 
sion. 
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Isotope of Element 102 


Scientists in the University of Califor- 
nia Radiation Laboratory have an- 
nounced the definite discovery of an iso- 
tope of element 102. At the same time 
they said that in repeated, careful ex- 
periments they have been unable to du- 
plicate the work of an international 
team of scientists who last year reported 
discovering an isotope of element 102. 

The Berkeley research was reported 
on 5 May in Gatlinburg, Tenn., at a 
Conference on Reactions between Com- 
plex Nuclei, by Albert Ghiorso, a senior 
nuclear scientist in the Radiation Labo- 
ratory. The work was done by Ghiorso, 
Torbjorn Sikkeland, an exchange scien- 
tist from the Joint Establishment for 
Nuclear Energy Research at Kjeller, 
Norway; John R. Walton, research chem- 
ist; and Glenn T. Seaborg, Nobel laure- 
ate and professor of chemistry on the 
Berkeley campus. 

Final identification of the element 102 
isotope was achieved early in the morn- 
ing of April 18, after a sustained 24-hour 
period of research, climaxing 3 months 
of experimentation. The element 102 
isotope was created by bombarding a rare 
isotope (mass number 246) of curium 
(element 96) with carbon-12 nuclei hav- 
ing an energy of 68 million electron 
volts or carbon-13 nuclei of 75 mev. The 
new element 102 isotope has a mass num- 
ber of 254; it decays quickly. Its half- 
life is 3 seconds. It decays by emitting 
an alpha particle and turning into fer- 
mium-250 (an isotope of element 100). 
As many as 40 atoms were observed in 
a single experiment. 

The discovery was made by radically 
new methods of research. As yet the ele- 
ment 102 isotope has not been directly 


be true. For the youngsters and the 
young of heart, he would say that there 
is no better time than the present, and I 
am sure he would demonstrate, with 
many illustrations, the opportunities 
which abound in all directions for those 
who have the will to do: 

VincenT J. SCHAEFER 
Munitalp Foundation, 
Schenectady, New York 


observed—chiefly because of its short 
half-life. The observations were made on 
fermium-250, the daughter atom, which 
has a half-life of 30 minutes. Under the 
conditions of the experiments, the scien- 
tists could deduce that the fermium 
atoms could arise only from the decay 
of the isotope of element 102. 

In their experiments, the Berkeley sci- 
entists deposited curium over an area of 
less than a square centimeter on a thin 
nickel foil. This target foil was placed 
in front of the highly concentrated beam 
of the heavy ion linear accelerator. The 
target was enclosed in a container filled 
with helium gas. 

When a curium atom captured a car- 
bon nucleus, a new nucleus was instan- 
taneously formed, four neutrons came 
off, and the resulting nucleus flew out of 
the target. This nucleus was slowed 
down by colliding with the helium 
atoms, and attracted to a metallic con- 
veyor belt having a negative charge and 
moving just under the target. The belt 
passed next to a thin foil plate which 
had a strong negative charge. As the 102 
atoms decayed by emitting an alpha par- 
ticle, the resulting fermium atoms were 
kicked off the conveyor belt and at- 
tracted to the foil. 

The length of foil was cut into five 
strips, and each was simultaneously ana- 
lyzed in counters. The distribution of 
fermium atoms on the foil strips deter- 
mined the half-life (the fast decay of the 
atoms of element 102 insured that most 
of the daughter fermium atoms were de- 
posited on the closest sections of foil to 
the target, and fewer of them with 
greater distance). When the speed of the 
belt was changed, the distribution of 
fermium atoms varied in conformance 
with a 3-second half-life for the 102 iso- 
tope. 

Identification of the atomic number 
of the element was made by chemically 
identifying the daughter atoms as fer- 
mium in chemical separation experi- 
ments with the dissolved foil. 

The scientists searched repeatedly for 
evidence of an isotope of element 102 
reported found last year by scientists of 
the Argonne National Laboratory in 
Chicago, the Harwell Laboratory in 
England, and the Nobel Institute in 
Stockholm, Sweden. These scientists re- 
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ported observing directly an isotope of 
element 102 with a half-life of 10 min- 
utes and emitting alpha particles of 8.5 
Mev. They bombarded curium 244 with 
carbon 13 nuclei in the Stockholm cyclo- 
tron. The energy range of the carbon 
nuclei was from 80 to 100 Mev and aver- 
aged 90 Mev. Working under very diffi- 
cult conditions, the international group 
said they observed small amounts of ele- 
ment 102 activity in 12 out of 50 bom- 
bardments. 

Ghiorso said the Berkeley group had 
attempted to duplicate this reaction, 
with a curium target of the same com- 
position. Their beam of bombarding 
carbon nuclei was about 10 times as in- 
tense. They made many attempts to pro- 
duce the reported activity, using beams 
of particles of 90 Mev and also particles 
varying over a wide energy range (60 to 
100 Mev). All of the efforts were un- 
successful. 


Academy Oceanography Committee 


The National Academy of Sciences- 
National Research Council has formed 
a Committee on Oceanography whose 
primary purpose is to promote the fu- 
ture development of oceanography in the 
United States. The committee is spon- 
sored by the Office of Naval Research, 
the Atomic Energy Commission, and the 
U.S. Fish and Wildlife Service. Harri- 
son Brown of California Institute of 
Technology is chairman. 

The committee has organized six pan- 
els to examine particular areas: the 
Panel on New Research Ships, Colum- 
bus Iselin, chairman; the Panel on New 
Devices for Exploring the Ocean, Allyn 
Vine, chairman; the Panel on Radioac- 
tive Waste Disposal at Sea, Roger 
Revelle, chairman; the Panel on Inter- 
national Cooperation in the Marine Sci- 
ences, Athelstan Spilhaus, chairman; the 
Panel on Ocean Resources, Robert Sni- 
der, chairman; and the Panel on Basic 
Research in the Marine Sciences, Alfred 
Redfield, chairman, 

The committee is attempting, with the 
assistance of the panels (i) to formulate 
recommendations concerning a_long- 
range national policy with respect to 
oceanography; (ii) to assist in all pos- 
sible ways in increasing both the quan- 
tity and quality of basic research in the 
marine sciences; and (iii) to advise spe- 
cific government agencies concerning 
those problems which involve the marine 
sciences. It is attempting to produce a 
preliminary report sometime during the 
summer. 

The committee would welcome com- 
ments and critical examination of its ac- 
tivities. Interested persons should write 
to the chairman; the executive secretary, 
Richard C. Vetter; or to any one of the 
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panel chairmen. The committee intends 
to keep marine scientists informed of its 
progress. 


Pastore-Durham Bill Opposed 


The national council of the Federa- 
tion of American Scientists has released 
a statement opposing the Pastore-Dur- 
ham Bill (S 3474 and HR 11926), which 
was introduced in Congress to facilitate 
the cooperation of the United States with 
certain of its allies in the field of atomic 
weapons. The FAS Council questions 
whether the proposed bill will contribute 
to the security of the United States, say- 
ing: 

“It is generally recognized that an 
atomic stalemate now exists in the sense 
that total war would, in all likelihood, re- 
sult in the destruction of all major pow- 
ers engaged in such a war. ... It would 
appear to be obvious that the greater 
number of nations coming into possession 
of atomic weapons, the more precarious 
becomes the stalemate... . 

“We believe that the Congress and 
therefore the people should not delegate 
their responsibility in ‘such matters to 
the administration. We feel that the U.S. 
should negotiate with other nations in- 
dividual agreements concerning the 
transfer of nuclear weapons material and 
the exchange of restricted data; this can 
be done under the existing regulations of 


. Section 121 of the Atomic Energy Act 


of 1954. These regulations require posi- 
tive action of Congress as well as action 
of the Administration. We are strongly 
opposed to the Pastore-Durham bill 
which would, in effect, permit the Ad- 
ministration to make such arrangements 
without debate. It seems to use that the 
passage of this bill would be an irrevo- 
cable step which is likely to jeopardize 
our long-range goal of true security 
through worldwide, enforced disarma- 
ment. 


Soviet Education Survey 


The U.S. Department of Health, Edu- 
cation, and Welfare has announced that 
a survey of education inside the Soviet 
Union, the first Government-sponsored 
study of this kind, is being made by a 
team of 10 United States educators. The 
study team, headed by U.S. Commis- 
sioner of Education Lawrence G, Der- 
thick, left for the U.S.S.R. on 6 May 
and will return around 10 June. 

The survey has been made possible by 
the agreement of 27 January 1958 be- 
tween the governments of the United 
States and the U.S.S.R. on exchange of 
missions in cultural, technical, and edu- 
cational fields. Several technical and cul- 
tural missions have been exchanged, but 





this is the first time that an official group 
from America representing a cross-sec- 
tion of education will have visited the 
Soviet Union to observe various aspects 
of Soviet education. A group of Soviet 
educators will make a similar study of 
education in the United States at a later 
date. 

In addition to Derthick, the team in- 
cludes: Herold C. Hunt, Eliot professor 
of education, Harvard University, and 
former Under Secretary of Health, Edu- 
cation, and Welfare; Harry C. Kelly, as- 
sistant director for scientific personnel 
and education, National Science Foun- 
dation; A. John Holden, Jr., State Com- 
missioner of Education, Vermont; Henry 
Chauncey, president, Educational Test- 
ing Service; George Z. F. Bereday, asso- 
ciate professor of education, Columbia 
University; and four members of the 
U.S. Office of Education staff, John R. 
Ludington of the Secondary Schools Sec- 
tion, Lane C. Ash, of the Division of 
Vocational Education, John B. Whitelaw 
of the Teacher Education Section, and 
Helen K. Mackintosh of the Elementary 
Schools Section. 


BCG Vaccination 


After weighing the advantages and 
disadvantages of BCG (bacille Calmette- 
Guérin) vaccination, an ad hoc commit- 
tee of the Surgeon General of the United 
States reported recently that: “It is be- 
lieved that the advantages of vaccination 
outweigh the disadvantages for tubercu- 
lin negative persons who are exposed to 
a definite risk of infection, especially if 
they cannot be retested frequently with 
tuberculin.” The committee recom- 
mended BCG vaccination for those 
groups named by the American Trudeau 
Society, the American College of Chest 
Physicians, the American Medical As- 
sociation, and the Medical Advisory 
Committee of Research Foundation. 

The American Trudeau Society list of 
groups includes: (i) doctors, medical 
students, and nurses who are exposed to 
tuberculosis; (ii) all hospital and labo- 
ratory personnel whose work exposes 
them to contact with the bacillus of tu- 
berculosis; (iii) individuals who are un- 
avoidably exposed to infectious tubercu- 
losis in the home; (iv) patients and 
employees in mental hospitals, prisons, 
and other custodial institutions in which 
the incidence of tuberculosis is known to 
be high; and (v) children and certain 
adults considered to have inferior resist- 
ance and living in communities in which 
the tuberculosis mortality rate is un- 
usually high. 

The vaccine may be obtained by any 
licensed physician in the United States 
and its territories by writing to the Re- 
search Foundation, 70 W. Hubbard St., 
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Chicago 10, Ill. The Research Founda- 


tion and the University of Illinois are 
the only institutions licensed to produce 
and distribute BCG in this country. 


Government-University 
Relationships 


The National Science Foundation re- 
leased a report last month on Govern- 
ment—University Relationships in Fed- 
erally Sponsored Scientific Research and 
Development that urges increased Fed- 
eral support of basic research at colleges 
and universities and emphasizes the need 
for continuity of support in the interests 
of effective conduct of basic research. 
The report noted that Federal contract- 
ing and grant procedures could be sim- 
plified with reference to research and de- 
velopment contracting with institutions 
of higher learning and other organiza- 
tions of a nonprofit character. It empha- 
sized the need for Federal grant and 
contracting officers to be continually alert 
for ways and means to avoid needless 
procedural steps or other delays in nego- 
tiation, review, and payment of research 
contracts and grants. 

Among the recommendations in the 
report are the following: 

1) Problems of Government-—univer- 
sity relationships in the Federal support 
of research at colleges and universities 
should be explicitly and completely dis- 
sociated from the budgetary needs and 
crises of the institutions and from the 
general issue of Federal aid to higher 
education. 

2) Continuity of support is unani- 
mously agreed to be essential for the 
effective conduct of basic research. To 
this end, it should be the general prac- 
tice for Federal agencies to make grants 
and contracts for more than 1 year, 
where the research warrants. When nec- 
essary, legislative authority should be 
provided for this purpose. Agencies 
should also be encouraged to establish 
reserves or otherwise to plan renewal of 
contracts or grants in advance, so that 
renewals of longer term-undertakings can 
be announced to institutions at least 1 
year before expiration. 

3) Federal agencies should consider 
other alternatives before establishing 
within universities large-scale applied and 
development projects (particularly those 
concerned with development and test- 
ing), except in such specialized fields as 
engineering, agriculture, and medicine, 
where applied research. is frequently re- 
lated to educational objectives. Alterna- 
tives include Federal laboratories, indus- 
trial or other private laboratories, and 
research centers organizationally sepa- 
rated from the institution proper. 

Funds to cover almost two-thirds of 
all expenditures for research and devel- 
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opment activities at colleges and univer- 
sities come at present from the Federal 
Government. These Federal funds ap- 
proximate a half-billion dollars, most of 
which sum supports research in applied 
fields, and come largely from-defense and 
defense-oriented agencies. 

4) No Federal agency should agree to 
reimburse institutions for salaries of fac- 
ulty members engaged in Government- 
sponsored research at a rate in excess of 
the university rate; provided, however, 
that this should not apply to those faculty 
members granted leaves of absence to 
serve at research centers. 

5) Government-sponsored classified re- 
secrch on college campuses should be 
reduced to a minimum consistent with 
national security. 

6) Federal agencies should have legal 
authority to give the institutions title to 
research equipment procured by them 
through grant or contract funds unless a 
clear and definite need exists for Gov- 
ernment control or use of the equipment. 
The time and expense involved in keep- 
ing records of research equipment may 
sometimes exceed the original value of 
the equipment. Much time and labor are 
frequently spent at the termination of 
research contracts in the formal and 
often fruitless circulation throughout the 
Government of long lists of highly spe- 
cialized equipment which, in many cases, 
it would be unduly costly to relocate. 

Copies of Government-University Re- 
lationships in Federally Sponsored Sci- 
entific Research and Development may 
be purchased from the Superintendent of 
Documents, Government Printing Office, 
Washington 25, D.C., for 40 ¢ents. 


Sarton Memorial Foundation 


Henry Guerlac of Cornell University, 
president of the History of Science So- 
ciety, has announced the organization of 
the George Sarton Memorial Foundation, 
Inc., a nonprofit corporation whose pur- 
pose is to promote the efforts of the 
late Dr. Sarton in the history and phi- 
losophy of science. The initial object of 
the foundation is to aid in maintaining 
the publication of Isis, the international 
journal for the history of science founded 
by Sarton in 1913, and to provide lecture- 
ships and fellowships to advance the 
study of the history of science. 

The president of the Sarton Founda- 
tion is AAAS board member Chauncey 
D. Leake of Ohio State University; May 
Sarton, authoress and daughter of Dr. 
Sarton, is vice president. Morton Pepper 
of New York is secretary and William D. 
Stahlman of Massachusetts Institute of 
Technology is treasurer. The incorpora- 
tors were C. Doris Hellman, Carl B. 
Boyer, William H. Stahl, Brooke Hindle, 
and I. E. Drabkin. 


Members of the board of directors of 
the foundation include Elmer Belt, Mar- 
shall Clagett, Bernard Cohen, Bern Dib- 
ner, Stillman Drake, Louis Dublin, Fred- 
erick Kilgour, Giorgio de Santillana, 
Dorothy Stimson, Lynn White, Jr., and 
L. Pearce Williams. 


Grants, Fellowships, and Awards 


Scientific Reporting. The 1958 Wav- 
erly Gold Medal essay competition has 
been announced by Research, a monthly 
publication of Butterworth Scientific 
Publications, London. The Waverly 
Medal and £100 will be awarded for the 
best essay of about 3000 words based on 
some recent scientific research or new 
development (whether the author’s work 
or not), giving some indication of the 
scientific background, the experimental 
results, and potential application in in- 
dustry. The essay should be written in 
such a form that it is clearly intelligible 
to a scientist engaged in another field or 
a director of an industrial firm. The 
essays will be judged for technical con- 
tent by specialists in the field, and for 
clarity of presentation and style. 

A second prize of £50 will be awarded, 
and an additional prize, also of £50, will 
be given for the best entry from a com- 
petitor under 30 years of age. The com- 
petition is only open to persons at pres- 
ent engaged in scientific work. Entries 
should be posted to reach The Editor, 
Research, 4/5 Bell Yard, London 
W.C.2, on or before 31 July 1958. 

SEATO research fellowships. Ten to 
15 fellowships will be awarded for 
1958-59 to nationals of SEATO mem- 
ber states under the program initiated 
last year by the Southeast Asia Treaty 
Organization. The program’s objective 
is to sponsor research into the area’s so- 
cial, economic, political, cultural, scien- 
tific, and educational problems, Grants 
provide a $400 monthly allowance and 
air transportation. Candidates must have 
high academic and professional qualifi- 
cations. United States citizens should ap- 
ply no later than 1 Aug. 1958 to the 
Committee on International Exchange 
of Persons, Conference Board of Asso- 
ciated Research Councils, 2101 Consti- 
tution Ave., NW, Washington, D.C. 

Tropical Medicine. Louisiana State 
University has received a grant from the 
National Institute of Allergy and Infec- 
tious Diseases to continue the program 
of fellowships in parasitology and tropi- 
cal medicine that has been conducted 
for the past 3 years under a grant from 
the China Medical Board of New York. 
The new program will begin 1 Sept. 1958 
and will be extended to include teachers 
and graduate students from nonmedical 
as well as medical institutions. 

The fellowships will be of two types. 
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The first type will consist of 8 weeks in 
Central America, devoted to observation 
of diseases and health programs in sev- 
eral countries, in cooperation with hos- 
pitals, medical schools, and national 
health agencies. Opportunity will also be 
provided to collect teaching specimens. 
The second type of fellowship will con- 
sist of 6 to 12 months devoted to practi- 
cal experience and research at some 
institution in the tropics devoted to medi- 
cal or parasitological research. This type 
of fellowship will not be limited.to the 
American tropics. 

It is contemplated that the 8-week 
fellowships will be awarded in four 
groups each year—namely, January- 
February, April-May, July-August, and 
October-November. Each group will be 
limited to five fellows. The longer fel- 
lowships will be intended primarily for 
teachers on sabbatical leave but can in- 
clude graduate students working for a 
doctorate. 

Applications for the period October— 
November 1958 must be received by 31 
July. For the later periods applications 
must be received as follows: for Janu- 
ary-February period, by 30 September; 
for April-May period, by 31 December; 
for July-August period, by 31 March. 

Applications for the 6-month and 
1-year fellowships must be received at 
least 3 months before the desired start 
of the fellowship. For further informa- 
tion, write to Dr. William W. Frye, Dean, 
School of Medicine, Louisiana State Uni- 
versity, New Orleans 12, La. 


Scientists in the News 


EDWARD TELLER of the University 
of California Radiation Laboratory at 
Berkeley received the Albert Einstein 
Medal and Award of the Lewis and Rosa 
Strauss Memorial Fund on 5 May at a 
luncheon at the headquarters of the U.S. 
Atomic Energy Commission, As chair- 
man of the fund, AEC Chairman Lewis 
L. Strauss made the presentation. ‘The 
award is given for outstanding contribu- 
tions to human knowledge in the natural 
sciences. Heretofore, it has been made 
at 3-year intervals and has carried with 
it a cash prize of $15,000. The trustees 
of the fund recently decided to make the 
award annually and to divide the prize 
accordingly. 


MILTON J. E. SENN, director of the 
Child Study Center at Yale University 
and chairman of the department of 
pediatrics in the School of Medicine, will 
go to the U.S.S.R. this month to study 
child care there. In return, a Russian 
physician will visit Yale late this year. 
Senn, Sterling professor of pediatrics and 
psychiatry, will travel alone as a guest of 
the Russian Ministry of Health. 
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HENRY A. MOE, secretary-general of 
the John Simon Guggenheim Memorial 
Foundation, has received the Public Wel- 
fare Medal of the National Academy of 
Sciences for “eminence in the application 
of science to the public welfare.” The 
medal was presented at a dinner during 
the recent 95th annual meeting of the 
academy in Washington. Moe has di- 
rected the distribution of fellowships by 
the Guggenheim Foundation since its in- 
ception on 1 April 1925. 


JOHN R. RAGAZZINI, chairman of 
the electrical engineering department at 
Columbia University’s School of Engi- 


_ heering, has been appointed dean of the 


College of Engineering at New York 
University, effective 1 July. He replaces 
acting dean NORMAN N. BARISH, 
who has held the position since last fall, 
when Thorndike Saville retired. The 
dean-elect is a specialist in electronic 
computers, control systems, and related 
devices. 


ELMER V. McCOLLUM, professor 
emeritus of biochemistry at Johns Hop- 
kins University, received one of two 
$2500 Centenary Awards at a dinner fol- 
lowing the Symposium on the Nutri- 
tional Ages of Man that took place under 
the sponsorship of the Borden Company 
Foundation at the Waldorf—Astoria Hotel 
in New York on 12 April. 


BERNARD B. BRODIE, chief of the 
Laboratory of Chemical Pharmacology 
of the National Heart Institute, was 
awarded the Distinguished Service 
Award of the Department of Health 
Education and Welfare by secretary 
Marion B. Folsom in ceremonies held 
on 18 April. Brodie was cited for his 
pioneering work in developing chemical 
pharmacology, which has led to greater 
knowledge of drug action. Brodie was 
also cited for his development of a num- 
ber of therapeutic agents now in wide 
use, and particularly for his development 
of a significant biochemical theory on 
the control mechanism of the autonomic 
nervous system. This has contributed to 
understanding of how the tranquilizing 
drugs affect the body. } 


WILLIAM MALAMUD, professor 
and chairman of the department of psy- 
chiatry at Boston University School of 
Medicine and chief of psychiatry at the 
Massachusetts Memorial Hospital in 
Boston, is the new president-elect of 
the American Psychiatric Association. 
FRANCIS J. GERTY, professor and 
chairman of the department of psy- 
chiatry at the University of Illinois Col- 
lege of Medicine, Chicago, is the new 
president, succeeding HARRY C, SOLO- 
MON, superintendent of the Massachu- 
setts Mental Health Center in Boston. 





H. M. BRIGGS, dean and director of 
the College of Agriculture of the Univer- 
sity of Wyoming, Laramie, has been 
named president of South Dakota State 
College, Brookings. He succeeds the late 
John D. Headley, who was killed in a 
hunting accident last November. 


KARL M. HERSTEIN, president of 
Herstein Laboratories, Inc., of New York, 
is to receive the 1958 Honor Scroll of 
the New York Chapter of the American 
Institute of Chemists. The award will be 
made at the annual dinner meeting on 4 
June at Mitzi’s Jager House, 1253 Lex- 
ington Ave., New York. Herstein is being 
honored for his long record of devoted 
service to the institute, to the American 
Chemical Society, and to the welfare of 
chemists in the United States. 


JOHN E. WILLARD, professor of 
chemistry at the University of Wiscon- 
sin, has been named dean of the univer- 
sity’s graduate school. He succeeds CON- 
RAD A. ELVEHJEM, who will assume 
the presidency of the university on 1 
July. 


JOHANNES T. THIJSSE, professor 
of theoretical and experimental hydrau- 
lics at the Technical University of Delft, 
Delft, Netherlands, director of the Hy- 
draulic Laboratory in Delft, and consult- 
ant to the Netherlands Government in 
all major water problems, has received 
the William Bowie Medal of the Amer- 
ican Geophysical Union. Presentation 
was made on 6 May during the Union’s 
39th annual meeting, which was held at 
the National Academy of Sciences in 
Washington. Thijsse delivered an ad- 
dress entitled “In the Borderland be- 
tween Geophysics and Engineering.” 


Six outstanding teachers of undergrad- 
uate chemistry have been named to re- 
ceive awards of $1000 each under the 
Manufacturing Chemists’ Association’s 
1958 College Chemistry Teacher Awards 
Program: PAUL W. BOUTWELL, 
Beloit College, Beloit, Wis.; ELIZA- 
BETH DYER, University of Delaware, 
Newark, Del.; CARL W. HOLL, Man- 
chester College, North Manchester, Ind.; 
SHERWIN MAESER, Utah State Uni- 
versity, Logan; JESSE L. RIEBSOMER, 
University of New Mexico, Albuquerque; 
and ARTHUR E. WOOD, Mississippi 
College, Clinton. 

The awards, first made in 1957, are 
presented to teachers adjudged to be 
“” , . personally responsible over a period 
of years for inspiring and holding the in- 
terest of students in the field of chem- 
istry.” Each award includes a medal and 
a citation. Presentation will be made on 
12 June during the 86th annual meeting 
of the association at White Sulphur 
Springs, W.Va. 
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HAROLD G. MANDEL, associate 
professor of pharmacology at George 
Washington University School of Medi- 
cine, Washington, D.C., has received the 
12th annual Abel Award of the Ameri- 
can Society for Pharmacology and Ex- 
perimental Therapeutics. The award was 
presented at the annual banquet of the 
society, held on 16 April in Philadelphia 
in conjunction with the annual meeting 
of the Federation of American Societies 
for Experimental Biology. The $1000 
award is supported by the Eli Lilly and 
Company, Indianapolis. Mandel was 
honored for his fundamental work in the 
field of drug metabolism and mecha- 
nism of drug action. His investigations 
have been concerned particularly with 
the metabolism of salicylates and related 
compounds, and with the mechanism of 
action of carcinostatic and other metab- 
olites that involve specific biochemical 
pathways concerned in nucleic acid me- 
tabolism. 


RENE J. DUBOS, pathologist with 
the Rockefeller Institute for Medical 
Research, has received the University of 
Chicago’s 1958 Howard Taylor Ricketts 
Prize. The award, which consists of a 
bronze medal, $200, and travel expenses, 
was presented on 12 May at a ceremony 
in Chicago. Dubos, whose main field of 
investigation is bacteriology, is known for 
his development of a quick method for 
growing tubercle bacillus cultures, a 
technique useful in the accurate diagnosis 
of tuberculosis. 


An annual lectureship to perpetuate 
the name of GEORGE KAMPERMAN 
has been established by the department 
of obstetrics and gynecology of Wayne 
State University College of Medicine. 
Kamperman, who has practiced obstet- 
rics and gynecology in Detroit for 46 
years, retired recently. The first George 
Kamperman lecture was delivered on 6 
May by CURTIS J. LUND, chairman 
of the department of obstetrics and gyne- 
cology, University of Rochester School 
of Medicine. 


WILDER G. PENFIELD, founder 
and director of the Montreal Neurologi- 
cal Institute at McGill University, Mont- 
real, will receive an honorary Sc.D. de- 
gree from the University of Wisconsin 
in June. 


HUGH H. HUSSEY, director of the 
department of medicine at the George- 
town University School of Medicine, has 
been appointed dean of the school, effec- 
tive 1 July. He succeeds FRANCIS M. 
FORSTER, professor of neurology, who 
is resigning the post to devote all his 
time to his specialty. Forster will remain 
at Georgetown as director of the depart- 
ment of neurology. 
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Among the five alumni of the Univer- 
sity of Kansas who are to receive the 
citation for distinguished service to man- 
kind given by the university and its 
alumni association are: HENRY K. 
BEECHER, anesthesiologist and profes- 
sor at Harvard University; BURTON 
McCOLLUM, petroleum geophysicist of 
Houston, Tex.; and D. RUTH THOMP- 
SON, chemistry teacher at Sterling Col- 
lege who has been professor and head of 
the department for 38 years. The cita- 
tions will be conferred during commence- 
ment exercises on 2 June. 


BEN MOREELL, chairman of the 
board of Jones & Laughlin Steel Cor- 
poration, has received the Washington 
Award of the Western Society of Engi- 
neers for “distinguished service as a 
skilled engineer, outstanding naval offi- 
cer, industrialist, and Hoover Commis- 
sion associate.” The Washington Award 
is the highest engineering award given 
in the United States. The winner is se- 
lected by a commission representing the 
American Society of Civil Engineers, 
the American Institute of Electrical En- 
gineers, the American Institute of Min- 
ing, Metallurgical and Petroleum En- 
gineers, the American Society of 
Mechanical Engineers, and the Western 
Society of Engineers. 


Scientific visitors to North America 
from the United Kingdom include the 
following. 

MARY F. LYON and H. J. EVANS 
of the Medical Research Council’s Ra- 
diobiological Research Unit at the 
Atomic Energy Research Establishment, 
Harwell, will attend the 10th Interna- 
tional Congress of Genetics at McGill 
University, Montreal, 10-27 August, and 
will also take part in the Radiation Biol- 
ogy Congress at Burlington, Vt. 

D. RICHTER, director of the Medi- 
cal Research Council’s Neuropsychiatric 
Research Unit, Whitechurch Hospital, 
Cardiff, Wales, is visiting professor in 
the Menninger School of Psychiatry, 
University of Kansas. He will visit Bos- 
ton, Washington, New York, and possibly 
Philadelphia before he leaves about 23 
June. 

G. B. B. M. SUTHERLAND, direc- 
tor of the National Physical Laboratory, 
Teddington, will be in the United States 
from 17 July until 5 August to attend a 
conference on biophysics in Boulder, 
Colo., organized by the U.S. Public 
Health Service. 


DONALD M. PILLSBURY, profes- 
sor and chairman of the University of 
Pennsylvania School of Medicine’s de- 
partment of dermatology, has been 
named president of the 12th Interna- 
tional Congress of Dermatology, to be 
held in Washington, D.C., in 1962. 


W. MAYER-GROSS, senior fellow 
in the department of experimental psy- 
chiatry, Birmingham University Medical 
School, England, delivered the annual 
Adolf Meyer Research Lecture on 14 
May during the 1958 meeting of the 
American Psychiatric Association, which 
took place in San Francisco. He dis- 
cussed “Model Psychoses: Their His- 
tory, Relevancy and _ Limitations.” 
Mayer-Gross’ lecture was the second in a 
5-year program sponsored by Warner- 
Chilcott Laboratories, the ethical drug 
division of the Warner—Lambert Phar- 
maceutical Company, Morris Plains, 
N.J., in cooperation with the American 
Psychiatric Association. 


Recent Deaths 


JOHN J. CHAPMAN, Baltimore, 
Md.; 45; since 1950 director of the Di- 
electrics Laboratory of the Johns Hop- 
kins University Institute for Cooperative 
Research; known for his research on high 
voltage-high frequency limits of plastic 
insulation; 27 Apr. 

EARL W. FLOSDORYF, Doylestown, 
Pa.; 54; chemist-inventor; had taught at 
Princeton University and the University 
of Pennsylvania; invented a method for 
the freeze-drying of human blood for 
plasma; 29 Apr. 

W. B. HART, Philadelphia, Pa.; re- 
tired superintendent of services of the 
Atlantic Refining Company and since 
1948 a trustee of the Academy of Natu- 
ral Sciences of Philadelphia; 23 Apr. 

BENJAMIN F. HUBERT, Atlanta, 
Ga.; 73; former president of Georgia 
State College for Negroes; served on the 
National Advisory Committee on Illiter- 
acy in 1929; 29 Apr. 

ARMIN K. LOBECK, Englewood, 
N.J.; 71; professor emeritus of geology 
at Columbia University. 

HENRY W. NISSEN, Orange Park, 
Fla.; 57; director of the Yerkes Labora- 
tory; professor of psychology at Emory 
University, Atlanta; associate professor 
at Yale University from 1933 to 1957; 
author of many papers on psychology and 
related subjects; 28 Apr. 

CHARLES F. STODDARD, New 
York, N.Y.; 81; inventor’of the Ampico 
Player piano and automatic cooking de- 
vices; 29 Apr. 

ALFRED WEBER, Heidelberg, Ger- 
many; 89; sociologist; emeritus professor 
at the University of Heidelberg, former 
director of the university’s Institute of 
Sociology and Political Science; profes- 
sor at the German University of Prague 
from 1904 to 1907; author of Farewell to 
European History; 2 May. 

SUMNER B. WRIGHT, Orange, 
N.J.; 60; electrical engineer for Bell 
Telephone Laboratories; held more than 
40 patents on electronic devices; 29 Apr. 
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Book Reviews 


The Planet Earth. D. R. Bates, Ed. Per- 
gamon, London, 1957. v+312 pp. 
Illus. 35s. (Published in U.S. as The 
Earth and Its Atmosphere. Basic 


Books, New York, 1958. 324 pp. Illus. © 


$6.) 


This is a stimulating, even exciting 
book, summarizing recent additions to 
the rapidly growing body of knowledge 
about the physics of our planet. It is ad- 
dressed to the scientifically well-informed 
general reader, and to specialists in other 
branches of science who wish to be 
brought up to date on progress in geo- 
physics. Its audience should be similar 
to that reached by Scientific American, 
although some parts require slightly 
greater scientific sophistication. 

One purpose of the book is to describe 
for a wide public the multifarious scien- 
tific activities of the current Interna- 
tional Geophysical Year. Most of the 
chapters mention measurements to be 
made during this period, and some con- 
sist chiefly of outlines of Geophysical 
Year projects. In the introductory chap- 
ter, S. Chapman gives an excellent sum- 
mary of what geophysicists hope to ac- 
complish during the Year. 

Each chapter covers a single branch 
of geophysics, and each is written by a 
recognized authority. G. P. Kuiper writes 
on the origin and ultimate fate of the 
earth, K. E. Bullen on the deep interior, 
G. E. Vestine on the geomagnetic field, 
E. T. Eady on the circulation of the 
atmosphere, J. A. Ratliffe on the iono- 
sphere—to mention only a few of the 17 
chapters. The majority of the authors 
are British. 

The editor has succeeded admirably 
in keeping the general tone and scientific 
level consistent from one article to the 
next, in avoiding duplication, and in pro- 
viding cross references between articles. 
Inevitably, some of the chapters are 
more successful than others. I was par- 
ticularly impressed with the clarity of 
the chapters on the oceans, on atmos- 
pheric circulation, on the ionosphere, 
and on meteors. The authors of these 
chapters have a knack for presenting 
their subjects as living fields of science, 
for bringing the reader into the heart of 
current controversies, and for showing 
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what new developments in research are 
likely to prove fruitful. Some of the 
chapters, particularly those on geologic 
subjects, are marred by a_ tendency 
merely to recite conclusions dogmatically 
without specifying where the conclusions 
come from or how firmly they are based. 
One can sympathize with the writers’ de- 
sire to crowd as much as possible into a 
limited space, but a nonspecialist would 
get a truer concept of science from a less 
detailed treatment and a more careful 
separation of fact from theory. 

The illustrations are few but effective. 
A bibliography of both technical and 
popular articles provides the reader with 
ample suggestions for further exploration 
into recent work on any of the 17 topics 
discussed. 

Konrap B. Krauskopr 
School of Mineral Sciences, 
Stanford University 


Economic Analysis and Policy in Un- 
derdeveloped Countries. P. T. Bauer. 
Duke University Commonwealth-Stud- 
ies Center. Duke University Press, 
Durham, N.C.; Cambridge University 
Press, London, 1957. xiii+ 145 pp. $3. 


This book contains three lectures given 
at the Duke University Commonwealth- 
Studies Center by the author, who is 
Smuts Reader in Commonwealth Studies 
at Cambridge University. The chapters 
discuss the scope, method, and potenti- 
alities of the science of economics in the 
study of underdeveloped countries and 
the impact upon that discipline of the 
increased interest in such areas; some of 
the characteristics of underdeveloped 
economies; and certain issues of eco- 
nomic-development policy. The major 
interest is in theoretical aspects of the 
problems, Illustrations are drawn for the 
most part from Asia and Africa. 

The terseness and simplicity of the 
language used tends to hide the profun- 
dity as well as the originality of the 
thoughts presented. The author stresses 
the necessity of giving greater attention 
to methodology in social science gen- 
erally, While indicating that there are 
certain processes which are universally 





similar, he points out that there are cer- 
tain differences (particularly in the in- 
stitutional aspects) between areas, which 
must be carefully studied. In underde- 
veloped countries, for example, there are 
likely to. be particularly severe limita- 
tions on the amount of statistical evi- 
dence available, and this makes direct 
observation more important. Moreover, 
political considerations are likely to in- 
fluence not only the findings but also the 
selection of problems. 

It is pointed out that the problems re- 
lating to rapid and uneven growth are 
quite different from those of stagnation 
and that, for various reasons, such as an 
unsympathetic attitude toward agricul- 
ture and an inclination to confine at- 
tention to easily measurable economic 
categories, there has been neglect, in 
contemporary literature, of the establish- 
ment, extension, and improvement of 
agricultural properties as a form of cap- 
ital formation. There has been a similar - 
neglect with respect to traders’ inven- 
tories. 

The important contribution of mi- 
grants to economic development in 
emerging economies is discussed at some 
length in the second chapter, but it is 
not indicated how what has been termed 
“international demonstration effect” or 
“increase in the desire for higher con- 
sumption” stimulates internal as well as 
international population movement and 
thereby further removes some of the 
major obstacles to change. 

A case is made for cheap labor as an 
asset of underdeveloped countries, but 
in opposing the establishment of mini- 
mum wages and maximum hours, Bauer 
does not make it clear that it is real costs 
which must be considered, or wages in 
relation to productivity, as well as the 
promotion of local or individual well- 
being as a possible stimulus to greater 
effort. 

It is pointed out that development, as 
such, is not necessarily of benefit to a 
people or to all segments of a society 
and that costs which may not be evenly 
distributed are always involved. As I 
can testify, so-called humanitarians are 
frequently extremely insensitive to the 
results of their proposals and conduct. 

In discussion of the merits and disad- 
vantages of an emphasis on cash crops in 
promoting development, no mention is 
made of benefit distribution, which, 
while to some extent an independent 
problem, is nevertheless frequently if not 
always related to development processes. 

The importance of governmental in- 
tervention in development is admitted, 
but great caution is advised in the adop- 
tion of both restrictive and promotional 
measures, 

Rosert Cusa Jones 
Mexico City, Mexico 


SCIENCE, VOL, 127 








} TE 


tion 
3 an 
cul- 
at- 
mic 
, in 
lish- 
: of 
cap- 


lilar - 


ven- 


mi- 
in 
ome 
it is 
med 
> or 
con- 
ll as 
and 
the 


iS an 

but 
nini- 
jauer 
costs 
es in 
; the 
well- 
eater 


it, as 
to a 
ciety 
venly 
As I 
s are 
» the 
ct. 

lisad- 
yps in 
on is 
rhich, 
ndent 
if not 
eSSES. 
al in- 
‘itted, 
adop- 
tional 


JONES 


IL, 127 





The Development of Titrimetric Analy- 
sis till 1806. E. Rancke Madsen. Gads, 
Copenhagen, Denmark, 1958. 239 pp. 
Illus. 


The cover of this paper-bound, well- 
printed book attracts by the reproduc- 
tions of old figures showing tubes and 
pipettes used in the early days of titrim- 
etry. A look at the title may induce the 
question, Why till 1806? The full an- 
swer is given on page 195. In that year 
appeared Descroizille’s article “Notices 
sur les alkalis du commerce,” which is 
“a milestone in the development of titrim- 
etry.” “It is the first step towards as- 
sembling in one unity—titrimetric analy- 
sis—a number of different analytical 
methods which in their origin do not 
seem to have anything in common.” It 
was to be followed by H. Schwarz, 
Ueber die Massanalysen. . . . (Braun- 
schweig, 1850), the full title of which 
is listed in reference No. 287 (the last 
of the references bears the number 337). 

Having thus started at the end of the 
book, we might go back to the beginning, 
of the book and of titrimetry, to Robert 
Boyle’s “Experimental history of colors” 
(1663) and the use of lignum nephriti- 
cum extracts—the first known example 
of fluorescence—as indicators for acids 
and alkalies. It took about one hundred 
years before indication by color change 
was applied in titrimetry, although sev- 
eral descriptions of analysis by titration 
appeared in the meantime. Francis 
Home used the cessation of effervescence 
or the clearing of solutions from precipi- 
tates as indications, in 1756. In 1767, 
William Lewis relied on “the purplish 
blue paper used for wrapping sugar in” 
to show free acid or alkali at the end 
point of his titrations. 

Methods for determining the alkaline 
strength of plant ashes, the concentra- 
tion of vinegar, and the hardness of 
water; for following the purification of 
saltpeter from calcium and chlorides; 
and for measuring the then relatively 
new mineral acids of commerce were the 
practical aims of titrations by Wenzel, 
Bergman, Morveau, and almost all the 
great chemists of the 18th century. Indi- 
cators were extracted from flower petals, 
and since these are not available in win- 
ter, James Watt proposed red cabbage 
leaves as a source (1784). When Berthol- 
let’s chlorine bleach came into use, 
“strength” measurements were needed, 
and the redoximetric methods used for 
chlorine were adapted to the determina- 
tion of dyestuffs. The assembly of 
pipettes and graduated glasses developed 
by Descroizille received the name “le 
berthollet” fromm him. Such methods be- 
came more frequently used, and ‘the de- 
gree of purity was called “titre” by 
Macquer in 1778. 
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E. Rancke Madsen, professor at the 
Technical University of Denmark, re- 
ports about his very thorough study 
clearly and systematically. He gives ex- 
tensive quotations, in the original lan- 
guage when this was English, French, or 
German and in translations from the 
Swedish. Particularly valuable features 
are his account of the experimental tests 
he carried out in accordance with the old 
descriptions and his interpretation of 
them in our scientific language. Together 
with his general discussion of quantita- 
tive analysis, these experimental data en- 
hance the interest in the historical foun- 
dations of our methods. The book thus 
may become a valuable tool in the teach- 
ing of analytical chemistry—and, inci- 
dentally, in the teaching of French and 
German to chemists, through the mean- 
ingful and elegant examples provided in 
the many quotations. 

EpuARD FARBER 
Washington, D.C. 


The Story of Life. H. E. L. Mellersh. 
Putnam’s, New York, American ed. 1, 
1958. 263 pp. Illus. $3.95. 


A scientist reviewing this book by a 
layman for laymen is stricken with am- 
bivalence. He wants to praise and to pro- 
mote it, but he cannot honestly do so 
without such qualification as may seem 
to be a condemnation. Here is a story 
that everyone should know: the evolu- 
tionary history of living things. It is set 
forth interestingly and clearly, although 
the style is somewhat uneven. The aim is 
certainly worthy: to instruct those willing 
to learn about evolution, to convince the 
dubious, and to reconcile the pious. And 
yet on most pages there is at least one 
statement that is not just right, not quite 
factually correct, not entirely represen- 
tative of current scientific thought, not 
wholly free of unwarranted implications, 

The author claims as an advantage 
that his language is “by no means always 
. . . Strictly scientific.” That does not ex- 
plain or excuse innumerable sentences 
that are not true in detail and that could 
be made true with no loss of simplicity. 
“The ridge of plates along the back of 
the stegosaur. .s . . . may have served as 
protection against tyrannosaurus”*—but 
Stegosaurus and Tyrannosaurus were 
not contemporary, by millions of years. 
“Hesperornis, a diving bird essentially 
similar to the modern bird in wings and 
tail’—but Hesperornis had no wings. 
“The insects we can dismiss summarily: 
they do‘not learn”—but they do learn. 
Those are average, not the most egre- 
gious, examples of a rhultitude of mis- 
statements. 

More subtle and at least as frequent 


are phrases suggesting failure to grasp 
the essence of pertinent scientific meth- 
ods and viewpoints; for example, “The 
species of Primate,” where the Order 
Primates is meant; “Scientists are singu- 
larly free and easy with the Greek and 
Latin tongues and singularly unforthcom- 
ing in explanation of exactly what they 
mean when they use them . . . [A fossil 
animal] was christened Proconsul and the 
scientists have rather surprisingly ac- 
cepted the title”; “The social insects . . . 
[obey] the law that Christians are ex- 
pected to follow, of walking contented in 
that way of life into which it has pleased 
God to call them. . . . They do what they 
are created to do.” Equally frequent are 
examples of the pathetic fallacy and of 
anthropomorphism, for which, indeed, 
there is occasionally an apology, but not 
often enough. 

The crucial chapters on explanations 
of evolution divide these into “the ortho- 
dox” (Darwinism and so-called neo-Dar- 
winism )and “the unorthodox” (neo- 
Lamarckism and vitalism, which are 
wrongly considered synonymous). That 
may be fair enough in itself, but it is not 
fair to the reader, while pretending a 
judicious neutrality, to imply strongly 
that “the unorthodox answers” are more 
likely to be true, and to bolster this by 
giving a highly inadequate and partly in- 
accurate summary of “the orthodox an- 
swers.” 

Might the anxious reviewer resolve his 
ambivalence by saying that the book is 
good over-all but not in detail? But per- 
haps that is too much like the curate’s 
egg, which, after all, was bad only in 
detail. 

G. G. Smmpson 
American Museum of Natural History 


Methods in Enzymology. vol. IV. Sidney 
P. Colowick and Nathan O. Kaplan, 
Eds. Academic Press, New York, 1957. 
xii +979 pp. Illus. $24. 


This book is the last of a series which 
attempts to provide a compendium of 
methods for the enzymologist. The earlier 
volumes, which by now are standard 
equipment in most biochemistry labora- 
tories, covered the prepafation and assay 
of enzymes and substrates. Volume IV is 
entitled Special Techniques for the En- 
zymologist. 

This volume contains three main sec- 
tions: “Techniques for Characterization 
of Proteins,” “Techniques for Metabolic 
Studies,” and “Techniques for Isotope 
Studies.” As with the earlier volumes, 
the main sections consist of a number of 
individual ‘articles written by recognized 
authorities. There is a total of 35 such 
papers, and the list of authors includes 
many of the outstanding workers in the 
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respective fields. For example, A. Tiselius 
writes on “Electrophoresis,” F. H. C. 
Crick on “X-ray diffraction of protein 
crystals,” F. S. Sjéstrand on “Electron 
microscopy of cellular constituents,” K. 
Bloch on “Synthesis and degradation of 
labeled steroids,” and A. A. Benson and 
M. Calvin on “Intermediates of photo- 
synthesis.” 

Presumably due to limitations of 
space, a number of articles in this vol- 
ume contain a review of general prin- 
ciples plus references to appropriate 
sources for detailed laboratory directions. 
On the other hand, when detailed direc- 
tions for a method are given, as in the 
earlier volumes, only one of a number of 
commonly used techniques is usually cov- 
ered. An example of this is the section on 
“Determination of amino acid sequence 
in proteins.” R. R. Porter contributes a 
comprehensive manual on the use of 
fluorodinitrobenzene for this purpose. 
The pipsyl method is also described, but 
the Edman and hydrazinolysis methods 
are omitted. 

The over-all quality of the book is 
very good. The review articles have suf- 
ficient detail to make them useful to the 
average biochemist who is not actually 
working in the field. Among the more 
detailed articles, the following should be 
particularly useful: “Techniques for as- 
say of respiratory enzymes,” by B. 
Chance, which covers mainly the sensi- 
tive spectrophotometric methods; “Mi- 
cromethods for the assay of enzymes,” by 
O. H. Lowry; and the section on “Syn- 
thesis and degradation of isotopically 
labeled compounds,” which contains di- 
rections for making more than 150 prepa- 
rations of interest to biochemists. The 
editors plan a supplementary volume to 
remedy deficiencies and revise outdated 
procedures. 

Ricuarp S, ScHWEET 
City of Hope Medical Center, 
Duarte, California 


Biochemical Cytology. Jean Brachet. 
Academic Press, New York, 1957. 
xi+516 pp. Illus. $8.80. 


This book is the outcome of a series 
of lectures given by the author at the 
Indian Cancer Research Centre in Bom- 
bay in 1956, as well as lectures to his 
own students at the University of Brus- 
sels. It is intended for rather advanced 
students and investigators who have 
much background knowledge of biology 
and chemistry, including descriptive cy- 
tology, biochemistry, embryology, and 
genetics. The book is written in a very 
direct and clear style. This is particu- 
larly impressive inasmuch as English is 
not Brachet’s native language. For help 
in this and other aspects of the work he 
acknowledges the assistance of A. R. 
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Gopal Ayengar, H. Peters, W. A. Jensen, 
R. Logan, and P. Couillard. 

The field that one may designate as 
biochemical cytology has been developing 
rapidly and extensively in recent years. 
An up-to-date text in this important area 
of biology is, therefore, most welcome 
and useful to all students and investiga- 
tors whose interests impinge thereon. 
Brachet has succeeded admirably in in- 
cluding the most current research in this 
field. In fact the references listed are 
largely to publications appearing within 
the last three or four years. This work 
also has the merit of having been written 
by one who has long been active in re- 
search in this field and who has made 


- some of the most important contribu- 


tions to it. The opinions and estimates 
that he gives of the significance of the 
work of others are thus largely based on 
firsthand experience with the materials 
and techniques. 

Brachet does not present a definition of 
“biochemical cytology,” but in a sense 
the contents of the book serve to indicate 
what he considers mainly to comprise the 
domain of this field. Some idea of the 
scope of the work may be obtained from 
the chapter titles, which are as follows: 
“The recent history of biochemical cy- 
tology”; “Brief survey of the techniques”; 
“The cytoplasm of the resting cell”; 
“The nucleus of the resting cell”; ‘“Mi- 
tosis’; “Nucleic acids in heredity and 
protein synthesis”; “Nucleocytoplasmic 
interactions in unicellular organisms”; 


“The nucleus and cytoplasm in embry- 


onic differentiation”; and “Remarks on 
cancer cells.” There is a final short chap- 
ter, called “Final remarks,” in which the 
difficulties in defining “life” are discussed 
in relation to cell fragments and cell con- 
stituents. 

Throughout the text Brachet has paid 
particular attention to the nucleic acids. 
Such attention is certainly merited in 
view of the great advances that have been 
made concerning the role of these sub- 
stances in heredity and protein synthesis 
and in view of the considerable research 
activity in this field. These substances 
provide, to a large extent, a central and 
integrating theme for the extensive bio- 
chemical and modern morphological 
studies that are reviewed. One might 
think of a number of topics that are not 
discussed, or that receive scant attention 
in the text, and that could be considered 
a part of this field. For example, current 
research on collagen and on myofibrillae 
provides excellent and interesting mate- 
rial for discussion of correlations between 
biochemistry and structure. Another topic 
of great current interest is that of the ab- 
normal hemoglobins, which would seem 
as appropriate for discussion under bio- 
chemical cytology as under biochemical 
genetics. However, one certainly cannot 
hope to find included in a text of reason- 





able size, written by one author, all that 
might be considered a part of a field 
that encompasses as much of biology as 
biochemical cytology does. The author 
has done an excellent job of bringing to- 
gether, in a well-coordinated and inte- 
grated form, most of the research that is 
of special current interest in the new 
cytology. 

ALBERT TYLER 
Division of Biology, 
California Institute of Technology 


Doctor and Patient in Soviet Russia. 
Mark G. Field. Harvard University 
Press, Cambridge, 1957. xviii +266 
pp. $5. 


Reviewing a book on medicine in the 
Soviet Union is beset with dangers com- 
mon to all studies of the Soviet system: 
“failure explicitly to condemn is viewed 
by some as tantamount to approval, and 
failure explicitly to praise is taken by 
others as the equivalent of criticism.” 

This is a serious study by a serious stu- 
dent of Soviet matters. The author is not 
a physician and stays close to the socio- 
logical study of the doctor and the patient 
and their interrelationship within the 
Soviet system. He does not undertake to 
deal with the technical aspects of the 
practice of medicine, or with such re- 
lated topics as postgraduate training and 
medical research. One could wish that 
the book had been based on more ex- 
tended personal observation than that 
provided by a month’s tour in the Soviet 
Union and that interviews with refugees 
did not represent so important a pro- 
portion of the total information, upon 
which some deductions are, inevitably, 
framed. These shortcomings are recog- 
nized clearly by the author and should 
be remembered as clearly by the reader. 

For me, the most penetrating insight 
into the role of the physician in the 
Soviet Union was derived from a sen- 
tence on page 26: “his living conditions, 
his satisfaction and dissatisfaction, the 
importance given the kind of services he 
dispenses, and even the sex composition 
of the profession resemble to a striking 
degree those of the elementary and sec- 
ondary school teacher in the United 
States.” 

The book deserves careful reading by 
physicians and, for that matter, by pa- 
tients, including those of professional 
calling. An exposition of this kind should 
yield a greater understanding of Soviet 
medicine and its relation to the Soviet 
system as a whole, and perhaps even 
some useful reflections about American 
medicine and its role in our social struc- 
ture. 

MicHaet B, SHIMKIN 
National Cancer Institute, 
National Institutes of Health 
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Production of Anaphylaxis in 
the White Mouse with Soluble 
Antigen-Antibody Complexes 


Definitive information on anaphylaxis 
is still lacking with respect to the tissue 
sites at which the causative antigen and 
antibody interact and the mechanism by 
which antigen-antibody interaction leads 
to shock. 

Germuth and McKinnon (J) have re- 
cently made the important observation 
that soluble complexes of antigen and 
precipitating antibody produce immedi- 
ate anaphylactic shock in the guinea pig. 
This anaphylactigenic action of soluble 
antigen-antibody complexes is compati- 
ble with the earlier observation that ana- 
phylaxis can be produced with “univa- 
lent” antibody which forms only soluble 
complexes with antigen (2, p. 97). The 
findings of Burdon (3) that severe pas- 
sive anaphylaxis in mice could only be 
produced by intravenous challenge with 
antigen when antibody was still abundant 
in the blood or by the intravenous injec- 
tion of “suitably proportioned” antigen- 
antibody mixtures may have depended 
on the anaphylactigenic action of solu- 
ble antigen-antibody complexes. Since 
the use of soluble antigen-antibody com- 
plexes presents a new approach for in- 
vestigating the mechanism of anaphy- 
laxis, it appeared desirable to study the 
action of these complexes in the mouse, 
in which the course of anaphylaxis dif- 
fers from that observed in the guinea 
pig (4). 

The mice used were of mixed sexes of 
a white Swiss strain. They were from 6 
to 9 weeks old and ranged from 22 to 
27 g in weight. The antigen employed 
was crystalline bovine serum albumin 
(BSA) dissolved in physiological saline 
(5). The heat-inactivated rabbit anti- 
serum that was used contained 2.32 mg 
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of antibody N per milliliter (6). It 
was produced by the method of Freund 
(7) from heat-killed bacillus Calmette- 
Guérin. 

The first method used to prepare 
soluble antigen-antibody complex was to 
add antiserum to excess antigen. The 
quantity of antigen used was eight times 
the amount determined to be present in 
a precipitate formed in the zone of 
equivalence. The antigen-antibody mix- 
tures were incubated at 37°C for 20 
minutes and cleared by centrifugation. 
The second method of preparing soluble 
antigen-antibody complex was that of 
using excess antigen to dissolve a pre- 
cipitate obtained in the zone of equiva- 
lence. The precipitate was washed four 
times in physiological saline at 4°C, and 
a concentrated solution of antigen was 
added, containing a total amount of 
antigen equal to ten times that present 
in the precipitate. This mixture was 
agitated and incubated for 40 minutes at 
45°C and centrifuged to remove the 
small amount of undissolved precipitate. 
All preparations were injected into the 
tail veins of mice in a volume of 0.4 ml. 
In the first experiment, a dose of soluble 
complex prepared by the first method 
and containing 0.6 mg of antibody N, 
produced anaphylactic death in 15 of 16 
mice. A dose of soluble complex pre- 
pared from a precipitate by the second 
method and containing 0.48 mg of anti- 
body N produced anaphylactic death in 
10 of 16 mice. Control preparations 
were: BSA in normal serum, anti-BSA 
serum, bovine gamma globulin (5) in 
anti-BSA rabbit serum, BSA alone, and 
supernatant fluids from mixtures of anti- 
gen and antibody in the zone of equiva- 
lence. The number of animals in the 
groups given the control preparations 
varied from 6 to 13. 

Whereas animals of both test groups 
reacted uniformly, with typical severe 
anaphylaxis (8) within 2 to 5 minutes 
and deaths occurred in from 15 to 35 
minutes, the animals that received con- 
trol preparations were not affected. Al- 
though the lower mortality in the mice 
which received the complex prepared 
from washed BSA-anti-BSA precipitate 
was presumably due to the lower dose of 
complex given these animals, an alterna- 
tive possibility is that the antigen-anti- 
body aggregates derived from washed 


precipitates were larger (9) and less ana- 
phylactigenic. 

In the next experiment mice were 
injected intraperitoneally with 0.1 ml 
of Hemophilus pertussis vaccine (10) 
(48.8 x 10°/ml in 1:10,000 merthiolate ) 
5 days before challenge with antigen- 
antibody complex. Whereas the injection 
of a dose of soluble complex prepared 
by the first method and containing 0.12 
mg of antibody N, caused anaphylactic 
death in 18 of 18 pertussis-vaccinated 
animals, only 5 of 18 nonvaccinated ani- 
mals died. This marked increase in the 
susceptibility of the pertussis-vaccinated 
mice to shock with the complex is simi- 
lar to observations which have been 
made in pertussis-vaccinated mice sensi- 
tized. actively (11) and passively (12) 
and shocked with antigen in the usual 
manner. 

Because it is unlikely that the antigen- 
antibody complexes used underwent sig- 
nificant dissociation in vivo (1, 13), ana- 
phylaxis was presumably caused by solu- 
ble antigen-antibody complexes acting 
either within the circulating blood or in 
surrounding tissues into which they may 
have diffused. 

Since it is probable that soluble anti- 
gen-antibody complexes formed by either 
nonprecipitating or precipitating anti- 
body in the region of antigen excess con- 
sist principally of aggregates of two or 
three molecules (14), the size of the ag- 
gregates may not be sufficient to prevent, 
or perhaps even markedly retard, their 
passage to extravascular sites (15). The 
observation that anaphylaxis produced 
with soluble antigen-antibody complexes 
was typical in all respects suggests that 
the site of antigen-antibody action and 
ensuing events leading to anaphylaxis are 
the same regardless of whether shock is 
induced in the usual manner by injection 
of antigen or by the injection of soluble 
preformed antigen-antibody complexes. 

The results reported here do not sup- 
port or refute the suggestion of Benacer- 
raf and Kabat (2, p. 517) that the “time- 
consuming reaction” responsible for the 
incubation period necessary for maxi- 
mum sensitization to passive anaphylaxis 
in the guinea pig represents the time nec- 
essary for the fixation of antibody to 
cells, for there is no evidence to pre- 
clude the possibility that the antigen- 
antibody complex itself must “fix” to 
cells in order to produce shock. Neither 
do the present results justify any change 
in the common opinion that the speed 
and severity of shock are determined by 
the rate at which antigen reaches “fixed 
antibody”; for the rate at which pre- 
formed soluble antigen-antibody complex 
reaches the sites where antigen-antibody 
injury is produced may likewise deter- 
mine the speed and severity of the re- 
sulting shock. Indeed, the amount of 
the antigen-antibody complex at “injury 
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sites” and the speed with which it ac- 
cumulates at such sites, regardless of 
whether it forms in situ or arrives pre- 
formed, may be the principal determi- 
nants of shock. The concept that the pri- 
mary action of the soluble antigen-anti- 
body complex is at extravascular sites 
and involves complement is compatible 
with the proposition that anaphylaxis in 
the mouse results from the rapid release 
of shock “mediators” from tissue mast 
cells (16). 

In summary, it should be emphasized 
that much additional evidence -will be 
necessary to establish the site at which 
primary cell injury is produced by the 
action of antigen-antibody complexes 
and the ensuing events which lead to 
anaphylaxis. 

SEIKICHI TOKUDA 
RussE.t S. WEISER 
University of Washington, School of 
Medicine, Seattle 
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Production of Injury to Feline 
Central Nervous System with 
Nucleic Acid Antimetabolite 


Biochemical and autoradiographic in- 
vestigations in this laboratory have shown 
that neurons and glia within the mature 
mammalian neuraxis actively incorporate 
C14-labeled adenine and orotic acid into 
pentose nucleic acid (1). It appears 
likely that this is related to the turnover 
of protein which occurs in nerve cells 
(1, 2) and glia (7). 

In order to test this hypothesis and to 
investigate the function of pentose nu- 
cleic acid in the central nervous system, 
we have attempted to interfere with pen- 
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tose nucleic acid turnover by the use of 
nucleic acid antimetabolites. These sub- 
stances, administered orally and paren- 
terally, have been employed extensively 
in animal experimentation and in the 
treatment of neoplasms and blood dys- 
crasias in man. Acute and transient dis- 
turbances such as ataxia, weakness, and 
convulsions have occurred when massive 
doses are given to animals (3), but no 
delayed and lasting neurological symp- 
toms have been reported. It is possible 
that the blood-brain barrier protects the 
central nervous system from these anti- 
metabolites. In the present study this ob- 
stacle was circumvented by the expedi- 
ent of injecting the antimetabolites into 
the subarachnoid space. In the course of 
this investigation, a pyrimidine antime- 
tabolite was found to produce a consist- 
ent and striking neurological syndrome 
in cats. This, together with preliminary 
neuropathological and histometabolic ob- 
servations, constitutes the subject of this 
report. 

A fluorinated pyrimidine, 5-fluoroorotic 
acid (4), was used because of the pre- 
viously demonstrated incorporation of 
orotic acid into pentose nucleic acid in 
the feline neuraxis (J). The biological 
activity and tumor-inhibitory properties 
of this substance have been described by 
Heidelberger et al. (5). 5-Fluoroorotic 
acid or its sodium salt (20 to 30 mg/ml 
in water; because of its poor solubility, 
it is used as a supersaturated solution 
which is heated and cooled to body tem- 


- perature at time of injection) in a single 


dose of 3 to 10 mg is administered by in- 
tracisternal injection to cats anesthetized 
with pentobarbital sodium or ether. In 
some animals a second injection is given 
about 1 week after the first, to make a 
total dose of 5 to 15 mg. 

Following an initial symptom-free pe- 
riod of 5 to 10 days, the cats undergo a 
change in behavior. They become some- 
what sluggish and inactive. Within sev- 
eral days an unsteadiness in walking be- 
comes apparent. This rapidly progresses 
and becomes a severe ataxia involving 
the trunk and extremities. There is no 
gross paralysis, but all movements are 
marred by typical cerebellar oscillations. 
Animals walk with a lurching, reeling 
gait. In advanced stages of this condi- 
tion they are so helpless that they are 
unable to eat or move about. Polypnea 
is frequently present, and nystagmus is 
occasionally seen, particularly on rapid 
head movement. At times, twitchings of 
the face and vibrissae appear which re- 
semble the fasciculations of motor neu- 
ron disease; these are abolished by pen- 
tobarbital anesthesia. Tonic and clonic 
convulsive movements have been noted 
preterminally in several immature cats. 

No attempt has been made, thus far, 
to nurse animals beyond the tenth day 
of overt illness; two animals died of this 
illness, probably because of respiratory 


x 
-. * 


Fig. 1. Cerebellar cortex from a cat with 
severe cerebellar ataxia produced by the 
intracisternal injection of 5-fluoroorotic 
acid 17 days before sacrifice. Note the per- 
inuclear depletion of basophilic substance, 
only a peripheral rim persisting in the 
cytoplasm of the Purkinje neurons (P). 
(Gallocyanin chromalum stain) (about 
x 360). 


or bulbar: involvement, but the remain- 
der were killed. No evidence of hemato- 
logic or gastrointestinal involvement was 
noted. This contrasts with the reported 
results of oral and parenteral adminis- 
tration of nucleic acid antimetabolites, 
where these systems are involved (3). In 
control studies, orotic acid had no dele- 
terious effect when given in doses similar 
in amount. Neurological symptoms were 
not observed when the drug was given 
in large doses by intraperitoneal injec- 
tion. 

Histological examination of the brain 
and spinal cord of these animals has not 
been completed. However, a_ striking 
lesion has been found in the cerebellum 
in all of six brains examined to date. In 
routine Nissl- and hematoxylin-eosin- 
stained sections, most of the Purkinje 
neurons of the cerebellar cortex revealed 
advanced central chromatolysis (Fig. 1). 
Thus the severe cerebellar deficit ex- 
hibited by these animals can be ascribed 
to Purkinje cell damage. Occasional neu- 
rons of the brain stem and spinal cord 
showed similar though less marked al- 
terations. This may account for the other 
neurological symptoms noted, such as 
polypnea and convulsions. 

Studies have been completed on two 
fluoroorotic acid treated cats which were 
given t-methionine-S** in doses of 100 
uc (specific activity 10 to 14 wc/mg) 4 
hours before sacrifice. Autoradiographs 
prepared from formalin-fixed, acid- and 
lipid-extracted tissue sections of brain 
and spinal cord (J) showed marked re- 
duction in the radioactivity of neurons 
and glia by comparison with untreated 
animals, However, the intracisternal 
route of injection may not give quan- 
titatively reproducible results, and only 
tentative conclusions can be drawn from 
this evidence alone. The spinal ganglion 
neurons in these preparations, on the 
other hand, exhibited a relatively nor- 
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mal degree of radioactivity; in untreated 
animals under these conditions, spinal 
ganglion neurons give a less intense auto- 
radiograph than nerve cells within the 
neuraxis (J). These observations provide 
evidence that, in cats treated with fluoro- 
orotic acid, the ability to incorporate 
labeled methionine into the protein of 
nerve cells and glia within the neuraxis 
is impaired but that the ability to incor- 
porate it into the protein of spinal gan- 
glion neurons is not. 

Several considerations make it seem 
likely that the effects of intracisternal in- 
jection of 5-fluoroorotic acid in cats re- 
sult from an interference with pentose 
nucleic acid metabolism. The chroma- 
tolysis of Purkinje neurons itself repre- 
sents a quantitative reduction of cyto- 
plasmic pentose nucleic acid (6). The 
course of this syndrome—that is, the 
symptom-free latent period, gradual on- 
set, and progressive worsening—resembles 
the toxic effect of nucleic acid antimetab- 
olites on bone marrow, liver, intestinal 
mucosa, and tumors (3). The apparent 
diminution in incorporation of labeled 
methionine into nerve and glial cell pro- 
tein furnishes.further support for this 
hypothesis, since pentose nucleic acid 
plays an important role in protein syn- 
thesis (7). The significance of this evi- 
dence is enhanced by the finding that 
spinal ganglion cells show little reduc- 
tion in incorporation of labeled methio- 
nine; 5-fluoroorotic acid would be ex- 
pected to have much less effect on these 
cells because they incorporate orotic acid 
into pentose nucleic acid at a relatively 
slow rate (1). Possible mechanisms of ac- 
tion of 5-fluoroorotic acid include: (i) 
competitive or noncompetitive blocking 
of the incorporation of normal precursors 
into pentose nucleic acid, leading to de- 
pletion of the acid; and (ii) the incor- 
poration of the fluorinated pyrimidine 
analog or its derivatives into pentose 
nucleic acid, rendering it metabolically 
ineffective or harmful. The proximity of 
the cerebellum to the site of injection 
and its active turnover of pentose nucleic 
acid probably account for the early and 
severe derangement of this portion of the 
neuraxis. The production of neurological 
deficit, neuronal lesions, and impairment 
of protein metabolism in nerve and glial 
cells by a nucleic acid antimetabolite in- 
dicates the possibility that some “degen- 
erative” and other disease processes 
which occur within the central nervous 
system may be caused by biochemical or 
other disturbances in nucleic acid me- 
tabolism (8). 

Harotp Koenic 
Department of Neurology and Psychiatry, 
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and Veterans Administration Research 
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Relation of Structure to 
Adsorption of Substances during 
Crystallization of L(—) Tyrosine 


The incorporation of impurities into 
growing crystals has attracted consider- 
able attention for a long time. Whereas 
the prevailing emphasis has been di- 
rected toward modification of crystal 
growth or habit, virtually nothing has 
been said of the relationship between 
chemical structure and incorporation. 

With 1(—) tyrosine as the parent sub- 
stance, and chemically related substances 
as the impurities, the incorporation by 
the growing crystals was studied by the 
use of the spectrophotometric method of 
Goodwin and Morton (1). The data, 
illustrated in Fig. 1, demonstrate that 
the incorporation of the various sub- 
stances used is specific. No incorporation 
was observed with hydrocinnamic acid 
(not shown) up to 0.016M, where solu- 
bility difficulties are encountered. In the 
case of L(—)alanine (not shown), a con- 
centration of 0.047M was required be- 
fore incorporation could be detected 
[0.041M. 1(—)alanine per mole of tyro- 
sine]. 

The adsorption process is clearly evi- 
dent in the cases of L(—)histidine, p(+)- 
phenylalanine, and 1(-) phenylalanine. 
The amount of impurity incorporated is 
seen to be related not only, to the struc- 
tural similarity of the mother substance 
and the impurity but also to the spatial 
relationships of the two substances, as 
evidenced by the stereoisomeric speci- 
ficity of the phenylalanine isomers. 

For i(—) phenylalanine, the adsorption 
empirically resembles that of Henry’s 
law or a simple Langmuir isotherm, 
which is indistinguishable from it at 
small adsorptions. It is possible to con- 
ceive of the growing crystal, because of 
its ability to present a changing surface 


to its surrounding medium, as obeying 
the Langmuir isotherm for a given sur- 
face and Henry’s law for the sum total 
of surfaces generated, resulting in what 
is known as a solid solution. In this in- 
stance the heat of adsorption and the 
adsorption capacity of each new surface 
would have to remain constant. When 
this does not occur, deviations from lin- 
earity would be expected. This, perhaps, 
is part of the exacting requirements nec- 
essary for specificity of a stereoisomeric 
adsorption. 

Additional information concerning this 
specificity is obtained from the exami- 
nation of the molecular models of the 
interacting substances. These are shown 
in Fig. 2. Models with the same config- 
uration are depicted as t. The stereo- 
isomer of this configuration is arbitrarily 
designated p. If we assume that the com- 
plementary charged groups. of the two 
interacting substances are active in the 
adsorption process, the charged amino 
group of one is placed in the position of 
closest approach to the carboxylate ion 
of the other, the rings of both molecules 
being in the same plane. In the case of 
L(—) tyrosine and p(+) phenylalanine, the 
two carboxylate ions are capable of very 
close approach, and hence one would 
anticipate an inhibitory effect from the 
resulting repulsion. This is actually re- 
flected in the decreased adsorption at 
higher concentrations (Fig. 1). In the 
case of L(—) phenylalanine and L(-) tyro- 
sine, this proximity of the carboxylate 
ions does not exist. In fact, it is possible 
that there is a hydrogen bond between 
the two carboxylate ions, thus enhancing 
the adsorption. 

These experiments indicate that no 
one bond type is responsible for the ad- 
sorption by tyrosine. The ionic bonds, 
which are the most important in the 
crystal, as evidenced by the high melting 
points of dipolar ions generally, must be 
supplemented by other forces. With the 
exception of hydrocinnamic acid, all the 
substances studied may be looked upon 
as derivations of alanine. Hence, if the 
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Fig. 1. Adsorption of substance by L-tyro- 
sine during crystallization. 
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Fig. 2. (Top) Molecular models of L-tyro- 
sine and p(+) phenylalanine with comple- 
mentary charged groups in juxtaposition. 
Note the close approach of the two nega- 
tive carboxylate oxygens (labeled QO). 
(Bottom) Molecular models of L-tyrosine 
and L-phenylalanine. Note the separation 
of the carboxylate oxygens made possible 
by a hydrogen bond. 


complementary charged groups alone 
were responsible for the adsorption, one 
would anticipate no differences among 
the reactants, or possibly even a stoichio- 
metric relationship. The fact that this is 


not observed indicates that other factors, 


such as steric relationship and hydrogen 
bonding, must be present to supplement 
the initial binding of the charged groups 
(2). 

I. Gorpon FEts 
Radioisotope Service, Veterans 
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Differential Staining of 
Connective Tissue Fibers 
in Areas of Stress 


During the course of investigations of 
age changes in connective tissues, sec- 
tions of formalin-fixed human jaws and 
teeth were oxidized in peracetic acid for 
30 minutes and subsequently stained with 
aldehyde fuchsin. Many fibers of the 
periodontal membrane stained a brilliant 
purple; others remained unstained (Fig. 
1). The fibers that remained unstained 
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were birefringent and therefore are be- 
lieved to be collagen. The purple-stained 
fibers were interspersed between collagen 
fibers and were not birefringent. They 
were round, elliptical, or flattened on 
cross section and varied from 3 to less 
than 0.5 pw in diameter, the larger ones 
exceeding 2 mm in length. 

In the mid and apical portions of the 
roots of teeth, these fibers were anchored 
either in the cementum or bone on one 
end, and they frequently ramified while 
they followed the course of the principal 
fibers. It was not possible to trace a single 
fiber that extended from the tooth to the 
bone. In the area of the cementoenamel 
junction, the fibers were anchored in the 
cementum and either curved upward 
into the gingiva, along with the collagen 
fibers, or joined with the transseptal 
group. In addition, at all levels of the 
periodontal and gingival tissues in mesio- 
distal sections, numerous fibers were seen, 
cut crosswise or tangentially; this indi- 
cated their many-directional course. 

These fibers were also found in ten- 
dons (Fig. 2), in ligaments, in the adven- 
titia of blood vessels, in the connective 
tissue sheath surrounding hair follicles, 
and in the epineurium and perineurium 
in the human being. In sections of ten- 
dons and ligaments they were found in- 
ternally as well as surrounding the col- 
lagen bundles, taking the same course as 
the collagen fibers. 

The fibers were found in the perio- 
dontal membranes of human beings, 
mice, rats, and guinea pigs and in the 
Achilles tendons or patellar ligaments, 
or both, of human beings, monkeys, 
mice, rats, guinea pig and a turkey. In 
the guinea pig periodontium, some of 
these fibers were flattened like a ribbon 
and were oriented in an apical-occlusal 
direction, as they were in the periodontal 
membranes of developing human teeth. 

With the usual staining procedures, 
connective tissue fibers of periodontal 
membranes, tendons, and ligaments ap- 
pear to be composed almost entirely of 
white collagen. Fine elastic fibers have 
been described in tendons (1), and a few 
elastic fibers are found in human perio- 
dontal membranes, associated with blood 
vessels and nerves and not arranged to 
support the teeth during mastication. 
The fibers described in this report do not 
stain with any of the elastic tissue stains 
and were not dissolved in formalin or 
alcohol-fixed sections by elastase, as elas- 
tic tissues were in comparably treated 
skin sections. Reticular fibers of the 
spleen and lymph nodes were not stained 
by this method, and reticulum stains did 
not differentiate these fibers. 

Undoubtedly these fibers have been 
called collagen heretofore and further 
investigation may reveal them to be a 
form of collagen that develops in areas 
of stress, Since they were not found in 
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Fig. 1. Section of tooth and periodontal 
membrane from a white male, aged 20. 
Arrows point to the special fibers reacting 
with aldehyde fuchsin after peracetic acid 
oxidation. Neighboring collagen fibers are 
unreactive and pick up the counterstain, 
Horizontal band at bottom, cementum; 
remaining area, periodontal membrane. 


(about x 650) 





Fig. 2. Section of Achilles tendon from a 
white male aged 53. Arrows point to spe- 
cial fibers reacting with aldehyde fuchsin 
after peracetic acid oxidation. (about 


x 225) 


skin or in granulation tissue, it is unlikely 
that they are a form of procollagen or 
aged collagen. 

Haroip M. FuLLMer 
National Institute of Dental Research, 
National Institutes of Health, 
Bethesda, Maryland 
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Natural and Fission-Produced 
Gamma-Ray Emitting 
Radioactivity in Soil 


The gamma-ray spectrum emitted by 
present-day surface soil reveals the pres- 
ence of several lines which do not pertain 
to either the thorium or uranium series 
or to K*°, These additional gamma-ray 
lines come from radioactive fission prod- 
ucts in fallout, and previous investiga- 
tions at Argonne National Laboratory 
have shown that these gamma-ray spec- 
tra may be gotten in situ by placing a 
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scintillation detector within a few centi- 
meters of the surface of the ground (1). 
Due to the large amount of scattering 
and absorption inherent in such a mas- 
sive source, little spectral detail is appar- 
ent below 0.5 Mev under the conditions 
of measurement specified above. How- 
ever, by using a finite amount of soil and 
by counting under conditions of low 
background radiation (2), more detailed 
spectra may be obtained, and fairly ac- 
curate measurements of radioactivity are 
made possible. 

In Fig. 1 the gamma-ray spectrum of 
topsoil collected in 1950 is compared 
with that of topsoil collected during Oct. 
1957. Both samples were taken from the 
Argonne site, and the amount of soil 
counted was 1 kg in each case. The con- 
temporary sample was obtained from the 
top 1.5 cm, whereas the older sample 
contained approximately the top 2 in. 
of soil. The spectra were taken with a 
5- by 4-in. Nal crystal, canned in elec- 
trolytic copper, mounted on a DuMont 
6364 photomultiplier tube enclosed in 
stainless steel. Each soil sample was con- 
tained in a 1-lit polyethylene bottle, 1 
kg of soil constituting a right circular 
cylinder 14 cm high and 9 cm in diam- 
eter. A Lucite holder was mounted con- 
centrically on top of the crystal to insure 
that the geometrical relationships could 
be reproduced. One-half inch of Lucite 
was placed between the flat bottom of 
the bottle and the crystal to absorb the 
3.5 Mev beta-rays from Rh, Pulse- 
height analysis was carried out with an 
Argonne type 256 channel analyzer. 

Figure 1 shows clearly three lines 
which are present only in the recently 
collected top soil. The peak at approxi- 
mately 0.5 Mev is actually a combination 
of lines from Ba14°-La?4°, Nd147, Ru?®3, 
and Rh?°¢, The one at 0.75 Mev is from 
Zr®5-Nb®, and that at 1.6 Mev is due to 
La, The electronic gain is not suffi- 
cient to show the region around 0.14 
Mev, but here two lines exist which are 
due to Ce!4! and Ce?* lying in close 
proximity. 

The pulse-height spectrum of the fall- 
out radiation, as shown in Fig. 1, is some- 
what misleading as an indicator of rela- 
tive radiation dose at the earth’s surface, 
since fallout debris is confined mostly to 
the surface, whereas the natural activities 
are rather uniformly present throughout 
the soil. 

The dose pertaining to these various 
radioactive materials can be calculated 
by first determining the concentration 
available and then taking into account 
their distribution in depth. In order to 
determine the activity due to each radio- 
isotope in soil it is necessary to break the 
net spectrum (fission products plus nat- 
ural activity) down into its individual 
components. The method used is illus- 
trated in Fig. 2 for a particular soil sam- 


23 MAY 1958 


ple. The most energetic line is that at 
2.62 Mev, due to Th C”. By using a 
mock soil consisting of Na,PO, mixed 
with monazite sand of known thorium 
content, made up to 1 kg weight and 
similarly placed with respect to the crys- 
tal, the thorium spectrum may be nor- 
malized at the 2.62-Mev peak and peeled 
off throughout the entire spectrum. By 
this means the concentration of thorium 
in the sample was found to be 4.0 x 10-§ 


g per gram of soil. The spectrum remain- 
ing, also shown in Fig. 2, has lines at 1.76 
and 2.17 Mev, both of which pertain to 
the uranium series; by a procedure iden- 
tical with that used for the thorium 
series, but utilizing mock soil and carno- 
tite, the spectrum due to uranium is nor- 
malized at these energies and peeled off. 
The uranium concentration was found 
to be 5.3 x 10-® g per gram of soil. This 
left the K*° peak at 1.46 Mev to be com- 
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Fig. 1. Gamma-ray spectra of topsoil from Argonne National Laboratory (samples 1 kg 
each). (Solid line) Top 1.5 cm collected 2 Oct. 1957; counted 2 Oct. 1957. (Broken 
line) Top 2 in. collected 30 Aug. 1950; counted 3 Oct. 1957. 
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Fig. 2. Gamma-ray spectrum of top 1.5 cm of soil from Argonne National Laboratory 
(samples 1 kg each), collected 23 July 1957; counted 10 Oct. 1957. ( ) Net spec- 
trum (fission plus natural activities). (- - -) Fission products +K“®+U. (— - —) 
Fission products +K®. (-- - - —) Fission products only (- +--+) Ru’®+Rh'*+Cs™. 
(— +--+ —) Ru’*+Rh™, 
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Table 1. Gamma-ray emitting radioactiv- 
ity in the ground, and the dose therefrom, 
at Argonne National Laboratory as of 
May 1957 (sample series Si). 











Radioactivity 

Isotope 

mc/mi? wur/hr = mr/yrt 
U + daughters 4.02 35.21 
Th+ daughters 1.45 12.70 
x” 3.32 29.08 
Zr*-Nb® 180 1.57* 3.45 
Cs” 35 0.12 1.08 
Rh*” i7o 0.23 1.47 
Ru 175 0.50 0.70 
Ce™-Pr'* 240 0.09 0.37 
Total 11.30 84.06f 





* Assuming Zr®-Nb® to be in equilibrium. + May 


1957 to May 1958. ¢ In this total, 77 mr are due to, 


natural activity, the remainder arising from fission 
products. 


pared with that obtained from 1 kg of 
KCl, serving as a source of K*®; nor- 
malization showed 2.27 x 10-2 g of potas- 
sium per gram of soil. The peeling off 
of this spectrum leaves a spectrum due to 
fission products alone; this, in turn, may 
be broken down into the components 
due to individual fission products, as in- 
dicated in the figure. 

Soil activity profiles were taken both 
where grassy cover existed and where the 
top soil was bare. Typical findings ex- 
pressed as percentages of total fission ac- 
tivity, indicated that 62 percent occurred 
in grass and other vegetation growing or 
lying on the surface; 27 percent in the 
top 11% in. of soil; 8 percent in the layer 
at a depth of 14 to 3 in.; and the re- 
maining 3 percent at 3 to 4% in. Simi- 
lar distribution was found in soil bare of 
vegetation. This profile study enabled us 
to take samples of sufficient depth to in- 
clude essentially all fallout that had ac- 
crued up to the spring of 1957. 

The individual fission product activi- 
ties found in a 12 by 12 in. sector of soil, 
4% in. in depth, are summarized in 
Table 1; these data pertain to soil col- 
lected at the Argonne site in late May 
1957. The Cs187 value is in rather good 
agreement with prevailing Sr®° values 
for this geographic area (3) and leads 
one to ponder the usefulness of this tech- 
nique in assaying indirectly for Sr®° in 
the soil. 

When the concentration of activity in 
the soil is known, it is then possible to 
calculate the dose rates. The values in- 
dicated in Table 1 pertain to a height of 
3 ft above the ground. Those for ura- 
nium, thorium, and K*° were determined 
by means of the method of Hultqvist 
(4). The dose rate of 77 mr per year, 
due to natural radioactivity only, agrees 
well with results obtained by other meth- 
ods (5) and offers evidence of the essen- 
tial correctness of our nondestructive 
tests, 
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In the case of the dose due to fission 
activities, the approach of Dunning (6) 
was followed—namely, the assumption 
was made that fallout is limited to a 
thin, non-self-absorbing surface layer. 
These are, therefore, maximum values. 
The dose rates in microroentgens per 
hour shown in the second column of 
Table 1, will decrease markedly with 
time in the case of some of the fission 
products. In the absence of nuclear deto- 
nations, the fallout dose accumulated 
from May 1957 to May 1958 will be 7 
mr at 3 feet above the ground. It is of 
interest to note that this value agrees re- 
markably well with the average yearly 
dose estimated by Eisenbud and Harley 
(7) for Chicago during the period Oct. 
1952 to Sept. 1955, although they used 
entirely different methodology. This 
agreement, however, does not constitute 
rigorous proof of the correctness of either 
method, for it cannot be assumed that 
fission debris on the ground has remained 
constant in that period and equal to that 
obtained in May 1957. 

In order to rule out any question con- 
cerning radioactivity produced locally, a 
group of soil samples was gathered 45 
miles southwest of Argonne National 
Laboratory in July 1957. These showed 
comparable fission product activities. We 
concluded, therefore, that the values 
listed in Table 1 may be considered rep- 
resentative for this part of the country 
during the spring and early summer of 
1957 (8). 

P. F. Gustarson 
L. D. Marine. 
S. S. Brar 
Division of Biological and Medical 
Research and Radiological Physics 
Division, Argonne National Laboratory, 
Lemont, Illinois 
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Visual Thresholds for Detecting 
an Earth Satellite 


The visibility of an earth satellite of 
known stellar magnitude can be pre- 
dicted from visual thresholds for point 
sources of light as measured by Black- 
well (J) and by Knoll, Tousey, and Hul- 
burt (2). The results of such calculations, 
together with a discussion of some prob- 
lems encountered in searching for satel- 
lites, have been published by Tousey 
(3). This calculation was based on visual 
thresholds for a stationary point source 
of light seen against starless fields of dif- 
ferent brightnesses. Real satellites, how- 
ever, are in motion, and are often seen 
under full night conditions when the sky 
is filled with stars. For greater accuracy, 
it was necessary to determine visual 
thresholds under the latter conditions. 

A satellite simulator was constructed 
for this purpose. Satellites ¢ { stellar mag- 
nitude 2 to 10 were produced by an illu- 
minated pin hole and collimator. The ' 
beam from the collimator was reflected 
into a viewing telescope by means of a 
rotating plane mirror driven by a cam 
and variable-speed drive. In this way the 
satellite could be made to move horizon- 
tally at any position across the field at 
angular rates characteristic of earth satel- 
lites at altitudes between 200 and 1500 
or more miles, Stars and a uniform sky 
background were introduced by reflec- 
tion. 

The results of the experiment are 
shown in Fig. 1, where the threshold 
magnitude of the satellite is plotted as a 
function of the background sky bright- 
ness. Threshold values are for a proba- 
bility of detection of approximately 98 
percent. The observations were made 
through an 8-power elbow telescope of 
50 mm aperture and 53 percent trans- 
mittance. Curve A is the visual threshold 
relation for a stationary point source of 
light whose position in the field of view 
is known, calculated for this telescope 
from the data of Knoll, Tousey, and Hul- 
burt (2). The simple theory, given by 
Tousey and Hulburt (4), indicates that 
this telescope increases the unaided eye 
threshold by 3.8 magnitudes, in propor- 
tion to the increased light entering the 
eye. The correctness of the theory and 
curve A were verified by using the satel- 
lite simulator to produce a stationary 
satellite which was viewed with and 
without the telescope against a field con- 
taining no stars. 

Curve B is for a satellite moving in a 
star field. The altitude, magnitude, and 
angular velocity of a satellite crossing the 
meridian near zenith are related and are 
plotted on the ordinate scales of the fig- 
ure for a specularly reflecting spherical 
satellite 20 inches in diameter. The sub- 
jects did not know where in the field of 
view the satellite would appear. How- 
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Fig. 1. Threshold magnitude of a satellite as a function of the background sky brightness. 


ever, the satellite always traversed hori- 
zontally from left to right within the ver- 
tical limits set by an inscribed square. 

It can be seen that the moving satel- 
lite, to be detected against a dark night 
sky with stars, must be approximately 1 
magnitude brighter than for the station- 
ary case with no stars in the background. 
This difference in threshold magnitudes 
begins to increase rapidly for skies 
brighter than 0.0002 ca/ft?, where the 
changeover from rod to cone vision takes 
place. For 0.1 ca/ft?, the highest sky 
brightness. investigated, the difference 
reaches.nearly 4 magnitudes. 

The nature of these results can be ex- 
plained qualitatively. At low field bright- 
nesses, rod vision is used, and a satellite 
at threshold and at an unknown position 
can be detected almost equally well at 
any point in the visual field unless it lies 
on the fovea or the blind spot. Its pres- 
ence is detected by its motion in the star 
field and it needs to be only 1 magni- 
tude brighter than a stationary point of 
known position in a starless field. At high 
brightnesses, cone vision is used, and the 
threshold rises rapidly as the distance 
between the point of light and the point 
of fixation increases. Therefore, in effect, 
the satellite can be seen over only a small 
area surrounding the point of fixation. 
To have a reasonably high probability of 
detecting the satellite as it moves through 
a bright field, its brightness must be in- 
creased enough so that the area over 
which it can be seen at a single glance is 
fairly large. 

Figure 1 can be used to obtain infor- 
mation of use in searching for spherical, 
specular satellites 20 inches in diameter. 
The scale of solar depression angle re- 
fers to the stage of twilight for which the 
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sky within about 45° of the zenith has 
roughly the brightness shown by the scale 
at the bottom. For more details see 
Koomen eé¢ al. (5). The solar depression 
can be obtained with sufficient accuracy 
by linear interpolation between the times 
of sunset and the end of astronomical 
twilight, which are tabulated in the Nau- 
tical Almanac. The scale of altitude can 
be used without excessive error as a scale 
of slant distance for satellites seen as 
much as 45° from zenith. 

As an example of the information 
given in Fig. 1, curve B indicates that a 
satellite at 200 miles altitude can be seen 
crossing the zenith, starting when the sun 
is 7.5° below the horizon and ending 
when the sun has set at the altitude of the 
satellite, in this case, 17° depression. For 
a satellite at 800 miles altitude and ze- 
nith, or at 400 miles altitude and zenith 
angle 60°, the sun must be depressed at 
least to 11°; however, sunset on a satel- 
lite at 800 miles altitude will not occur 
until the solar depression reaches 34°. 
Thus, high satellites can be seen well into 
full night, especially when they pass 
somewhat away from the zenith in the 
direction of the set sun. 

I. S. GuLiepce 
M. J. Koomen 
D. M. Packer 
R. Tousty 
U.S. Naval Research Laboratory, 
Washington, D.C. 
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Effect of Length of Observing 
Time on the Visual Threshold for 
Detecting a Faint Satellite 


It is well known that the human ob- 
server performs at reduced efficiency 
when required to perform a difficult and 
uncertain visual task which extends over 
a considerable length of time. At a typi- 
cal Moonwatch (1) station, to detect 
earth satellites, each observer looks 
through a low-power telescope fixed in 
position as part of an optical fence. He 
may be required to man the telescope 
for 2 hours or more during the entire 
twilight period favorable to seeing the 
satellite. Described in this report (2) is 
an investigation of the reduction of an 
observer’s ability to detect a faint satel- 
lite after protracted observation periods. 

Viewing conditions were simulated in 
the laboratory by use of the equipment 
described in a separate report (3). Look- 
ing through an 8-power elbow telescope, 
the observer saw a night-sky background 
with stars, across which the satellite 
traveled in 10 seconds, the speed ap- 
propriate to a 400-mile altitude. 

Eight Naval enlisted men, well trained 
in observing with the simulator, served 
as subjects. Visual threshold measure- 
ments were made at the beginning and 
end of seven different observing periods 
ranging in length from 5 to 120 minutes. 
An additional watch period of 120 min- 
utes during which the satellite did not 
appear was included early in the ob- 
serving sessions to produce an uncertainty 
in the mind of the observer as to whether 
he would see the satellite at all. 

-For the initial, or “prewatch,” thresh- 
old measurements, the position and time 
of appearance of the satellite were made 
known to the observer. For the watch 
periods, however, the observer was un- 
certain when and where the satellite 
would appear, if at all. His task was to 
observe continuously and, when he de- 
tected the satellite, to close a switch at 
the instant it crossed the eyepiece reticle. 

The decrement in observer perform- 
ance during watch was measured in 
terms of the difference between the pre- 
watch and the watch thresholds. These 
differences for each observer are plotted 
in Fig. 1 against the duration of each 
watch. The mean curve is also shown. 
An ordinate value of +1 indicates that 
in order for the satellite to be detected, 
it was necessary to increase its bright- 
ness by one stellar magnitude, or a fac- 
tor of 2.5 in luminosity, over that de- 
tected during prewatch observation. 

It can be seen from Fig. 1 that 
the threshold after 5 and 15 minutes of 
watch was increased by 0.3 magnitude, 
on the average, over the prewatch value. 
From the absence of change between 5 
and 15 minutes, it was concluded that the 
initial decrement was largely a result of 
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the fact that the subjects did not know 
exactly when and where the satellite was 
to appear. 

For watch intervals beyond 15 minutes 
the decrement increased, reaching a 
maximum mean difference of 1.1 magni- 
tude at 60 minutes. Observations at 90 
and 120 minutes showed reduced mean 
decrements compared with the value at 
60 minutes. The individual subjects, how- 
ever, varied greatly in this respect, the 
greatest decrement occurring with S,, 
and reaching 1.8 magnitudes at 60 min- 
utes. Subjects S; and Sg, at the other ex- 
treme, showed very little decrement. 

The group of points lying within the 
box labeled “observers warned that the 
satellite would appear” are data obtained 
after the observers had watched for 60 
minutes as in other watch periods, but 
were then suddenly warned that the satel- 
lite would appear. These measurements 
were made to try to separate the decre- 
ment due to true fatigue from that caused 
by other factors. The small decrement 
was found not to be statistically reliable. 

The conclusion reached from these re- 
sults is that sometime between 15 and 30 
minutes watch an additional decremental 
process sets in. This is distinct from the 
decrement due to space and time uncer- 
tainty and is caused by other factors 
which are associated with decreasing 
vigilance. The results obtained at 60 
minutes with the observers warned show 
that this decrement was not caused by a 
true fatigue of the visual system. 

A plausible explanation for the im- 
provement in observer efficiency for 
watch periods longer than 60 minutes is 
that the observers knew that the longer 
they observed, the more probable it be- 
came that the satellite would appear. 

It was found that training of the ob- 
servers prior to the experiment resulted 
in an improvement in detection thresh- 
old, in some cases by as much as a mag- 
nitude. Training also reduced the num- 
ber of false reports and the variability of 
individual thresholds. 
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The practical conclusion is that satel- 
lite observers should be rotated every 30 
minutes when possible. However, if no 
relief is available, it is worth while for 
an observer to watch continuously for 1 
to 2 hours, because the satellite will often 
be bright enough to be seen in spite of 
the increase of 1 to 2 magnitudes in his 
threshold. 

W. D. Garvey 
IRENE S. GULLEDGE 
Jean B. HENSON 
U.S. Naval Research Laboratory, 
Washington, D.C. 
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Inhibition of HeLa Growth by 
Intranuclear Tritium 


Tritium-labeled thymidine (H®TDR) 
of high specific activity is proving to be 
a useful label for deoxyribonucleic acid 
(DNA). In conjunction with autoradi- 
ography, it has revealed the mechanism 
of duplication of genetic material (J, 2) 
and the dynamics of cell renewal (3). As 
Robertson and Hughes have pointed out 
(4), such localization of tritium within 
the cell nucleus should result in almost 
exclusive irradiation of this radio-sensi- 
tive volume because of the very short 
range (average 1 wu, maximum 6 p) of 
the resulting fB-radiation. However, to 
date no evidence of radiation effects has 
been reported. This report demonstrates 
that high levels of incorporation of 
H®TDR do cause radiation damage as 
predicted. 

HeLa cells were grown in Eagle’s basal 
medium (hereafter referred to as “stand- 
ard medium”) prepared in Hank’s bal- 
anced salt solution, 20 percent horse 
serum and 15,000 units of penicillin, 
1000 ug of Terramycin, and 5000 units 
of Mycostatin per 100 ml. The cells were 
inoculated into 1 ml of standard medium 


in Leighton tubes. Duplicate cell counts’ 


were made with hemacytometer cham- 
bers, observed at low (x 100) power. 

Tritium-labeled thymidine was pre- 
pared by catalytic exchange with 
CH,COOH!® and purified by column 
chromatography. It was homogeneous as 
judged by recrystallization with carrier 
thymidine and had a specific activity of 
approximately 500 mc/mole or about 2 
mc/mg. 

Incubation of HeLa cells for 24 hours 
with 2.5 uc/ml (about 1.25 pg/ml) of 
H°TDR results in excellent labeling of 
the nucleus, as shown by autoradiogra- 





~ 


phy. Under these conditions, more than 
100 silver-grains appear over each nu- 
cleus after exposure of the film for 24 
hours. 4 

In early experiments testing the effi- 
ciency of uptake of H®TDR, an appar- 
ent inhibition of growth of cells contain- 
ing the labeled material was noted. To 
test the validity of this observation, sev- 
eral subsequent experiments were per- 
formed. Although alterations in design of 
the experiment were made in order to 
test other parameters, each included a 
test of the effect of H®TDR, in various 
concentrations, in the medium on the 
growth of the HeLa cells. In all experi- 
ments the cells were allowed to attach 
to the glass for 3 days in the standard 
medium, which was then removed and 
replaced by the same medium contain- 
ing the H®TDR. After 24 hours at 37°C, 
this medium was removed and replaced 
again by standard medium, and growth 
was allowed to continue for 48 more 
hours. The cells were then removed from 
the glass by incubating with trypsin, and 
total cell counts were made on triplicate 
samples (with the exception of experi- 
ment 2, in. which six replications per 
treatment were used). Finally, an ex- 
periment was also performed to test the 
effect of chronic irradiation from tritium 
oxide (H%,O) in the medium. The re- 
sults are summarized in Table 1. 

The most important point to be noted 
is that, in all cases, the inclusion of 
H®TDR in the medium resulted in in- 
hibition of growth, except where carrier 
thymidine was added. The fact that the 
latter material reversed the action of 
H®TDR demonstrates that the inhibition 
was a result of the intracellular incorpo- 
ration of tritium and not some toxic con- 
taminant. It is also of interest that each 
of the three levels of H8TDR resulted in 
approximately the same extent of inhi- 
bition (the difference between the means 
of experiments 2A and 2B is not signifi- 
cant). These results indicate that thymi- 
dine concentration in the medium, at the 
levels used, exceeds the amount which 
the cells can accumulate and that the 
effect is a function of specific activity, 
not concentration. This is consistent with 
autoradiographic observations where it 
appears that, in concentrations between 
0.5 and 5 uc/ml, the amount of H3TDR 
incorporated per cell is roughly the same. 

The results of the last experiment il- 
lustrate that growth inhibition by H?,0 
is accomplished only by concentrations 
in the medium of 5 mc/ml or the order 
of 1000 times that at which H®°TDR ex- 
hibits its effects. However, if the differ- 
ence in volumes which are under actual 
irradiation is considered, the dose to the 
nucleus is probably of about the same 
magnitude in both cases. To illustrate, 
in the experiment with 5 wc of H°TDR 
per milliliter, only about 20 percent (1 
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Table 1. Inhibition of HeLa cell growth by inclusion of tritium in culture medium. In all 
experiments with thymidine, the cells were grown for 24 hours in the presence of H®°TDR, 
and then in cold medium for an additional 48 hours. In the experiment with H*.O, the 


_ cells were merely grown for 48 hours in the tritium-containing medium. Each control 


medium was same as treated except that the tritiated thymidine was replaced by an equal 


amount of nonlabeled thymidine. 





Total cell ¢counts* at end of 








7% H? vehicle Ger expt. (cell/pl) 

Control Treated pt 
1 Thymidine 2.5 170%. 12 90+17 < .01 
2A Thymidine 2.5 662+ 38 357 +19 < .01 
2B Thymidine 1.25 662+ 38 406 + 43 < .01 
3A Thymidine 5.0 1333 +191 747 + 60 < .05 
3B Thymidine + carriert 5.0 1333+ 191 1124+51 oe 
4A *,0 5000 696+ 15 328 + 65 < 01 
4B H*.O 1000 696+ 15 633 + 68 >a 





* Indicated values are means + standard errors. 


+ Significance level for difference between means of treated and controls. 
$17.5 wg of additional unlabeled thymidine per milliliter. 


vc) was incorporated. There were about 
2.5 x 105 cells per milliliter at zero time 
in this experiment. The HeLa cell nu- 
cleus does not appear to exceed 15 p in 
diameter, so that the maximum volume 
of the nucleus is 2 x 108 uw’, Therefore, 
the concentration of H8TDR would be 


1 wc/2 X 10* x 2.5 x 10° p 


or about 2x 10-9 wc/ps. In the experi- 
ment with H%,O, the concentration was 
5 mc/ml, or 5 x 10-® uc/u3, This twofold 
difference is less than the error in our 
estimate of nuclear volumes. Therefore, 
the inhibition in this case, as in the case 
of external irradiation, can be reason- 
ably attributed to nuclear damage caused 
by the B-radiation, and it is unnecessary 
to postulate special “hot atom” effects as 
used to explain the toxicity of P®2 in- 
corporated into the DNA of bacterio- 
phage (5) or bacteria (6). It is of in- 
terest that 5 mc/ml of H’,O (the con- 
centration of H’,O required for growth 
inhibition of HeLa cells) was found to 
reduce the mitotic index in regenerating 
liver by about 50 per cent (7). Water 
containing 5 mc/ml of tritium irradiates 
itself at the rate of 65 rep/hr. 

These results imply upper limits of 
labeling for tracer applications of tri- 
tium, At the moment these limitations 
do not appear to be too stringent, for 
cells labeled at an inhibitory level re- 
duce hundreds of silver grains per week, 
whereas a few grains per month are quite 
satisfactory for autoradiography. Never- 
theless, the fact that the other radiobio- 
logical phenomena, such as chromosome 
breaks, mutations, and cancerogenesis, 
occur at much lower radiation levels than 
needed for gross inhibition of cell divi- 
sion should be borne in mind when in- 
terpreting results. The fact that tritium- 
labeled thymidine concentrates radioac- 
tivity in radiosensitive regions where it 
may remain a long time also demands 
extra caution in its handling. The radio- 
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therapeutic possibilities of tritium incor- 
porated within the nucleus are being fur- 
ther pursued (8, 9). 
Rosert B. PAINTER 
Rut M. Drew 
Wa TER L. HucHEs 
Medical Department, Brookhaven 
National Laboratory, Upton, New York 
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Formula for Inferring Atmospheric 
Density from the Motion of 
Artificial Earth Satellites 


A simple formula for inferring air 
density from satellite motion may be 
useful to workers in the field (1). To 
find such a formula, the density, p, is ap- 
proximated near perigee by pre~**, where 
px is the density at perigee, z is the alti- 
tude above perigee, and K is the loga- 
rithmic gradient of density 


K =- 2.3026 (d/dz) logiop (1) 


at perigee. An integral that appears in 
a basic analysis (2) of orbital effects of 
drag is then evaluated in terms of Bessel 
functions I,(Kae) and I,(Kae), where 
a is the orbital mean distance and e the 
eccentricity. The Bessel functions are ex- 
panded asymptotically, and there finally 


results an approximate formula by which 
px may be inferred from the rate of 
change, P, of the period P and from 
certain other data. In practical units the 
formula is 


px = — 4.826 x 10°* x 


ae c”® ‘ 
°iG af (c,e) g/cm" (2) 


where P is in seconds per day; m is the 
satellite’s mass in grams; A is the satel- 
lite’s area in square centimeters pro- 
jected on a plane normal to the direc- 
tion of motion; Cp is the dimensionless 
aerodynamic drag coefficient, believed to 
be approximately 2; a is measured in 
earth radii of 6378 km; ¢c is 6378 Kae 
if z, in Eq. 1, is in kilometers; and f(c,e) 
is a function given approximately by 


f(¢,e) =1+ 2e + (3e?/2) + 


1 —6e-— 10.5? 
8c . 
9+ 30e + 85.5e? 
aaa: Jenico. 


The first two terms alone in Eq. 3 ap- 
pear to furnish the function to within an 
accuracy of about 10 percent, and the 
whole expression, to within a few per- 
cent, if e lies between 0.02 and 0.20 and 
K exceeds 0.01. The mean distance a 
may be inferred from P, and e and ae 
from a and rz, the geocentric perigee dis- 
tance in earth radii, by the equations: 


a= (P/84™,49)?* 
e=1- tx/a 
aéeé-—a~Tx 


The numerical coefficient in Eq. 2 is 
the reciprocal of 3(x/2) * times the num- 
ber of seconds in a day times the earth’s 
radius in centimeters. An average value 
of the A of a nonspherical satellite should 
be used in Eq. 2, and if all orientations 
are equally frequent and the satellite is 
convex, its average A is one-fourth of its 
total superficial area. The value of K, 
somewhat dependent on perigee height, 
can be approximated by applying Eq. 1 
somewhat above perigee to a model at- 
mosphere like the ARDC (3). Alterna- 
tively, K may be determined without ref- 
erence to assumed models by applying 
Eq. 2 to two or more satellites with dif- 
ferent perigee heights and adjusting K 
until it is consistent with the resulting 
perigee densities. 

Tueopore E, STERNE 
Smithsonian Institution Astrophysical 
Observatory and Harvard College 
Observatory, Cambridge, Massachusetts 
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Preliminary Announcement of 
Washington Meeting and Call for 
Papers by AAAS Sections 


From the programs and other events 
already in an advanced stage of planning, 
it is apparent that the 125th meeting of 
the American Association for the Ad- 
vancement of Science, 26-31 Dec., will 
be well balanced, particularly well at- 
tended, and especially significant. This 
annual meeting for the year 1958 will 
also be the seventh Washington meeting. 

Unlike the previous AAAS Washing- 
ton meeting of September 1948, when 
the Association celebrated its centenary 
without participating societies and with 
no commercial exhibits, this year’s meet- 
ing will be similar in pattern to those of 
recent years. 

The programs of the 18 AAAS sec- 
tions will cover the principal fields of 
science, and some 44 organizations will 
have. their own sessions. Included are 13 
national meetings—notably those of the 
American Astronautical Society, the 
American Society of Zoologists, the So- 
ciety of Systematic Zoology, the History 
of Science Society, and the science teach- 
ing societies—and special or regional 
meetings of 31 societies. Among this lat- 
ter group are societies not previously rep- 
resented, such as the American Society 
of Photogrammetry, the Instrument So- 
ciety of America, and the Washington 
Academy of Sciences. Many of the more 
than 300 sessions will be cosponsored by 
an additional 40 or more societies. 

Among the highlights of the Wash- 
ington meeting will be a five-session sym- 
posium commemorating the Linnaean 
Bicentennial, sponsored by the Society 
of Systematic Zoology and cosponsored 
by the Systematic Section of the Ento- 
mological Society of America, the Amer- 
ican Society of Plant Taxonomists, and 
others, and the three sessions devoted to 
the International Geophysical Year. 
There will be distinguished evening ad- 
dresses sponsored by the Scientific Re- 
search Society of America, the Society 
of the Sigma Xi, and the United Chap- 
ters of Phi Beta Kappa, and the Na- 
tional Geographic Society will present 
another of its uniformly excellent illus- 
trated lectures. 

The Association as a whole—in addi- 
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tion to its business sessions, the retiring 
presidential address of Laurence H. 
Snyder, a reception, and a smoker—will 
have a two-session general symposium, 
“Moving Frontiers of Science III,” con- 
cerned with the comparative structure 
of science and_ scientific organizations 
throughout the world. The problems in 
science and education that confront the 
nation at the present time will be re- 
flected in a number of the programs. The 
Association’s Committee on the Social 
Consequences of Science is considering 
presentation of a two-day program de- 
voted to air and water pollution. 

Thus this 125th meeting will be con- 
sistent with the fundamental, original 
purpose of the Association as set forth 
when it was founded in September 1848: 
“. . . by periodical and migratory meet- 
ings to promote intercourse between those 
who are cultivating science.” At the same 
time, current matters of great concern 
will not be neglected. The annual meet- 
ing is a major activity of the Association. 
Now, with 279 affiliates and a member- 
ship approaching 60,000, the AAAS more 
than ever is prepared to consider matters 
that affect all scientists and society. In 
recent years the Association has also in- 
creasingly recognized its responsibility to 
inform the general public on develop- 
ments in science and its obligation to help 
strengthen the nation’s educational sys- 
tem. 

The significance of the seventh Wash- 
ington meeting has already been recog- 
nized by those who produce the books, 
instruments, and materials which scien- 
tists and teachers use. Applications for 
exhibit booths have been received at a 
most gratifying rate. The 1958 version of 
the Association’s Annual Exposition of 
Science and Industry will be one of the 
most complete and attractive ever staged. 
It is probable that supplemental space 
will have to be used for the special ex- 
hibits that governmental agencies and 
nonprofit organizations have expressed a 
wish to show. Fortunately, such space is 
available, on the approaches to the ex- 
hibit hall. Incidentally, the exposition is 
not intended for young people below the 
college level—most of the exhibits would 
be too technical. (The Association, to 
meet the interests of younger students of 
science, annually arranges a Junior Sci- 





entists Assembly, at which eminent sci- 
entists address a large audience of high- 
school students on aspects of science and 
scientific careers. ) 

Center of the meeting and AAAS 
Headquarters will be the attractive 
Sheraton-Park Hotel, which will accom- 
modate the larger sessions, the Annual 
Exposition of Science and Industry, the 
AAAS Main Registration-Information 
Center, the AAAS Pressroom, the AAAS 
Office, and the AAAS Science Theatre, 
This hotel’s large ballroom will be the 
site of the AAAS Smoker for all regis- 
trants, on the evening of 29 Dec. 

Other hotels will be the headquarters 
of related sections and societies—the 
Shoreham, for example, will house the 
science teaching societies. Hotel head- 
quarters assignments in the Dupont 
Plaza, Roosevelt, Sheraton-Carlton, and 
Statler, in the Hotel Twenty-four Hun- 
dred, and in the Washington, Willard, 
Windsor Park, and Woodner will be an- 
nounced in July, when the advertising 
pages of Science will begin to carry cou- 
pons for housing reservations~-and ad- 
vance registration. As usual, advance 
registrants will receive the book-size Gen- 
eral Program-Directory early in Decem- 
ber, by first-class mail. 

Local committees. No AAAS meeting 
could succeed without the interest and 
substantial assistance of local members 
and friends of the Association. General 
chairman of the seventh Washington 
meeting is Leonard Carmichael, secre- 
tary of the Smithsonian Institution, 
which generously housed the AAAS for 
many years prior to 1946. Carmichael’s 
appointments will be announced in a sub- 
sequent issue. 

Programs. A synopsis of the programs, 
arranged by disciplines, follows. The 
names given within parentheses are sec- 
tion and society officers or program 
chairmen. 


Mathematics (A) 


The program of Section A (C. C. 
MacDuffee, University of Wisconsin) 
will begin at 4 P.M. on the afternoon of 
26 Dec. with the vice-presidential ad- 
dress, “Recent developments in topologi- 
cal and analytical dynamics,” by G. A. 
Hedlund, Yale University. A group of in- 
vited papers on “Mathematics for the 
Social Scientists”—probably a joint pre- 
sentation with the Operations Research 
Society of America—is scheduled for the 
morning of 27 Dec. A panel discussion 
on “The Problem of Formulating a 
Problem,” under the leadership of Rich- 
ard Burington, Naval Ordnance, which 
will also be of interest to those who work 
in applied mathematics and peripheral 
areas, will be held the morning of 28 
Dec. 

The recently affiliated Association for 
Computing Machinery (Jim Douglas, 
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Mathematics Department, Rice Insti- 
tute) will hold one of its two annual na- 
tional meetings with the AAAS in Wash- 
ington. 


Physics (B) 

Section B (J. Howard McMillen, Na- 
tional Science Foundation) will hold a 
three-session symposium, “Recent Ad- 
vances in Physics,” from the afternoon 
of 28 Dec. through 29 Dec. Topics and 
speakers will include: “Effects of light- 
ning on trees and buildings,” by Francis 
Defandorf, National Bureau of Stand- 
ards; “Elementary particles,’ by Mau- 
rice Shapiro,. Naval Research Labora- 
tory; “The properties of positronium,” 
by Richard Ferrell, University of Mary- 
land; and “The present status of rela- 
tivity theory,” by Joseph Weber, Uni- 
versity of Maryland. At the physicists’ 
luncheon, which Section B will sponsor 
jointly with the American Association of 
Physics Teachers, Chesapeake Section, 
Raymond T. Birge, University of Cali- 
fornia, Berkeley, will give the retiring 
vice-presidential address of the section 
and Robert Bruce Lindsay, Brown Uni- 
versity, will serve as toastmaster. 

Previously unrepresented at AAAS 
meetings, the recently affiliated Amer- 
ican Astronautical Society (Ross Fleisig, 
516 Fifth Avenue, New York 36), will 
hold its fifth annual meeting with the 
AAAS. There will be some three days of 
sessions for invited and submitted papers 
on aspects of space science, grouped by 
subject. 

The American Meteorological Society 
(Kenneth Spengler, AMS, Boston) will 
cosponsor appropriate sessions and plans 
to have several sessions of its own. 


Chemistry (C) 


The program of Section C includes a 
three-session symposium on “Chemical 
Effects of High Energy Radiation” (Leo 
A. Wall, National Bureau of Standards) 
with Wall, Milton Burton (University of 
Notre Dame), and S. D. Bailey (Quarter- 
master Research and Development Cen- 
ter) as discussion leaders; a two-session 
symposium, “Frozen Free Radicals” (F. 
O. Rice, Chemistry Department, Catho- 
lic University of America); and a third 
symposium, “Gas Phase Reaction Ki- 
netics” (Ralph Klein, National Bureau of 
Standards), to be held within the period 
27-30 Dec. At the chemists’ dinner, 29 
Dec., F. O. Rice will give the vice-pres- 
idential address of Section C. There will 
also be sessions for contributed papers. 

Alpha Chi Sigma, Washington Pro- 
fessional Chapter (Andrew F. Freeman, 
U.S. Department of Agriculture, Wash- 
ington, D.C.) will give a chemists’ 
luncheon and will present an address for 
all chemists. 

The American Association of Clinical 
Chemists (Elizabeth G. Frame, Clinical 
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Center, National Institutes of Health, 
Bethesda, Md.) will have a symposium, 
sessions for contributed papers, and a 
dinner with a speaker. 


Astronomy (D) 


Section D (Frank K. Edmondson, 
Goethe Link Observatory, Indiana Uni- 
versity) is organizing a symposium on 
celestial mechanics, which, together with 
the retiring vice presidential address by 
Chester B. Watts, U.S. Naval Observa- 
tory (Dirk Brouwer, Yale University, 
presiding), will be held early in the 
meeting period so that astronomers may 
also attend the American Astronomical 
Society meeting in Florida. 

The Astronomical League (Grace C. 
Scholz, 410 Mason Hall Apartments, 
Alexandria, Va.) will have a day of ses- 
sions. 


Geology and Geography (E) 

The program of Section E (Frank C. 
Whitmore, Jr., U.S. Geological Survey, 
Washington, D.C.) includes a two-ses- 
sion symposium (27 Dec.) on the history 
of geology, cosponsored by Section L; 
contributed papers on geology and geog- 
raphy (28 Dec.); and two two-session 
symposia on 29-30 Dec., one of them, 
“Multiple Glaciations,” arranged by 
Richard J. Lougee, of Clark University. 
As usual, the Geological Society of 
America will cosponsor all geologic ses- 
sions, including the Section E smoker, 27 
Dec., at which the retiring vice-presiden- 
tial address of Robert R. Shrock, Massa- 
chusetts Institute of Technology, will be 
given, with Byron N. Cooper, Virginia 
Polytechnic Institute, presiding. In addi- 
tion, Section E will cosponsor the sympo- 
sium of Section O and the program of the 
American Society of Photogrammetry. 

The Association of American Geogra- 
phers, Middle Atlantic Division will co- 
sponsor the geographical sessions of Sec- 
tion E and will have a two-session sym- 
posium of its own, 27 Dec. 

The National Speleological Society 
(William E. Davies, U.S. Geological Sur- 
vey, Washington, D.C.) will have two 
sessions for contributed papers, princi- 
pally on biology, and a symposium on 
karst phenomena, cosponsored by Sec- 
tion E. The National Geographic Society 
will have its usual outstanding lecture 
and accompanying film, probably on the 
evening of 30 Dec. 


Zoological Sciences (F) 


The program of Section F (Karl M. 
Wilbur, Department of Zoology, Duke 
University) will be coordinated with the 
national meetings of the American So- 
ciety of Zoologists and the Society of 
Systematic Zoology. It will consist of one 
or more symposia, such as “Unsolved 
Problems in Biology III,” and the co- 
sponsorship of appropriate sessions. At 


the zoologists’ dinner, presented jointly 
with the zoological societies, the vice- 
presidential address of the section will 
be given by Harold H. Plough, Amherst 
College. 

The national meeting of.the American 
Society of Zoologists (Sears Crowell, In- 
diana University )will include a three- 
session symposium on vertebrate mor- 
phology, arranged by Alfred Romer; a 
two-session symposium on arthropod 
physiology; a series of sessions for con- 
tributed papers; the cosponsorship of ap- 
propriate programs; and the annual busi- 
ness meeting. 

The Society of Systematic Zoology (G. 
W. Wharton, Department of Zoology, 
University of Maryland) will celebrate 
the occasion of its tenth annual meeting 
and commemorate the 200th anniversary 
of the publication of the tenth edition of 
Linnaeus’ Systema Naturae with a pro- 
gram of special interest to all systematic 
biologists. The theme will be “The Lin- 
naean Bicentennial: 200 Years of Prog- 
ress in Systematics.” The following sym- 
posia and panel discussions are planned: 
(i) “Linnaeus and Nomenclatorial 
Codes,” including Linnaeus’ contribu- 
tions to systematic biology, the botan- 
ical code, the microbiological code, and 
the zoological code; (ii) “Biological 
Bases of Linnaean Concepts” (this sym- 
posium, arranged by Alfred Emerson, 
Society of Systematic Zoology, will stress 
biological rather than historical or no- 
menclatorial subjects); (iii) “Systemat- 
ics—Present and Future,” including the 
status of systematic botany, the status of 
systematic zoology, the future of system- 
atic botany, and the future of systematic 
zoology; (iv) a panel discussion on the 
London Congress and zoological nomen- 
clature (Curtis Sabrosky will lead a dis- 
cussion of the new code to be adopted 
at London, and panel members will be 
drawn from among systematists who at- 
tend the London Congress); (v) a sum- 
mary panel: each of the preceding sym- 
posia will be summarized, and a panel 
composed of those who have spoken pre- 
viously will discuss questions that have 
arisen in the course of the presentations. 
Cosponsors of the foregoing program in- 
clude AAAS Sections F and G, the 
American Society of Zoologists, Entomo- 
logical Society of America, Association 
of Southeastern Biologists, Society for 
the Study of Evolution, American Orni- 
thologists Union, American Society of 
Mammalogists, American Society of Ich- 
thyologists and Herpetologists, and the 
American Society of Plant Taxonomists. 

The Society of Systematic Zoology 
will also have sessions for contributed 
papers, a dinner, and a business meeting 
and will cospensor a biologists’ smoker 
early in the meeting period. Another fea- 
ture will be the annual SSZ Library and 
Lounge for all zoologists. 
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Biological Sciences (FG) 


Between biennial meetirigs, Beta Beta 
Beta Honorary Biological Society (Mrs. 
Frank G. Brooks, Box 336, Madison 
Square Station, New York 10) will hold 
a meeting of its study committee with 
the AAAS, 27 Dec. It is anticipated that 
the Ecological Society of America (John 
H. Davis, Jr., Department of Botany, 
University of Florida), will have its 
usual regional meeting with the Asso- 
ciation, with sessions for contributed pa- 
pers and cosponsorship of appropriate 
programs. 

The annual national meeting of the 
National Association of Biology Teach- 
ers (Paul Klinge, Jordan Building, Indi- 
ana University) will begin with business 
meetings 26 Dec. During the meeting 
period there will be a luncheon, a joint 
meeting with the American Nature Study 
Society, the National Association for Re- 
search in Science Teaching, and: the Na- 
tional Science Teachers Association (28 
Dec.), and a series of separate sessions. 
A field trip with the American Nature 
Study Society, 30 Dec., will conclude the 
program. The Biometric Society, ENAR 
(Jerome Cornfield, Division of Research 
Services, National Institutes of Health) 
is planning a joint program with the 
American Statistical Association that will 
not conflict, in time, with the society’s 
national meetings in Chicago. It is ex- 
pected that the American Society of Nat- 
uralists (Bruce Wallace, Biological Labo- 
ratory, Cold Spring Harbor, N.Y.) will 
either arrange a symposium or cosponsor 
one in the F, FG, or G series. 


Botanical Sciences (G) 


In addition to the symposium “Some 
Unsolved Problems in Biology IIT,” held 
jointly with Section F, Section G (Barry 
Commoner, Henry Shaw School of Bot- 
any, Washington University) will have 
sessions for contributed papers in the 
principal fields of botany; these will 
probably be cosponsored by the Amer- 
ican Society of Plant Physiologists, the 
Ecological Society of America, and 
others. Other symposia are planned, and, 
following the annual botanists’ dinner, 
the vice-presidential address of Section 
G will be given by Oswald Tippo, Yale 
University. 

Anthropology (H) 

The plans of Section H (James L. 
Giddings, Haffenreffer Museum, Mount 
Hope Grant, Bristol, R.I.) are yet to be 
announced but probably will include a 
symposium and one or more vice-presi- 
dential addresses. 


Psychology (I) 


Section I (Clifford T. Morgan, Town 
Point, Cambridge, Md.) will have six 
sessions of invited papers covering the 
principal areas of research activity in 
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psychology. The vice-presidential address 
will be given by B. F. Skinner, Harvard 
University. 


Social and Economic Sciences ( K) 


a 


Section K will have a symposium on 
“Research Problems in the Social Sci- 
ences”; in addition, the National Acad- 
emy of Economics and Political Science 
(Donald P. Ray, George Washington 
University), the American Economic 
Association, and Section K, on the eve- 
ning of 27 Dec., will jointly sponsor a 
symposium on “Major Problems of the 
American Economy.” This will include 
the vice-presidential address of Joseph J. 
Spengler, Duke University. It is antici- 

. pated that Pi Gamma Mu, the national 
honorary society in the social sciences, 
will have a dinner for the speakers. In 
addition, Section K will cosponsor ap- 
propriate programs of the K series and 
will again sponsor sessions for contrib- 
uted papers in the social and economic 
sciences. 

The AAAS Committee on the Social 
Consequences of Science (Chauncey D. 
Leake, Ohio State University College of 
Medicine) is planning a four-session 
symposium on “Pollution of Airs and 
Waters.” 

The American Society of Criminology 
(Donal E. J. MacNamara, New York 
Institute of Criminology) will have a 
four-session symposium, “Controversial 
Areas in 20th Century Criminology,” 27- 
28 Dec., and a luncheon with speakers. 
Among the “controversial areas” which 
will be discussed are criminal somato- 
typing, delinquency prediction tech- 
niques, legalization of gambling, integra- 
tion of small police units, graphological 
diagnosis or identification of personality 
defects and criminal tendencies, hypnosis 
and crime, personnel screening tech- 
niques, crime and delinquency statistics, 
and the certification or licensing of prac- 
titioners in criminological and _ allied 
fields. Cosponsors of the program are 
the Association for the Psychiatric Treat- 
ment of Offenders, Institute for Research 
on Crime and Delinquency, New York 
Institute of Public Service Training, 
New York Institute of Criminology, and 
Character Underwriters Inc. 

The American Political Science Asso- 
ciation (Evron M. Kirkpatrick, APSA, 
Washington, D.C.) is considering spon- 
soring a special program jointly with 
Section K. 

The American Sociological Society 
(Kingsley Davis, Institute of Interna- 
tional Studies, University of California, 
Berkeley) plans a special meeting with 
the AAAS. One symposium, “Demo- 
graphic and Sociological Aspects of Sci- 
entific Manpower,” 27 Dec., arranged 
by Theodore Caplow, University of 
Minnesota, may include papers on the 
changing prestige and reward system of 





the learned occupations in America, the 
medical profession and scientific man- 
power (a comparative analysis of inter- 
occupational relations) , professional man- 
power allocation in the Soviet Union, 
and a sociological analysis of the rea- 
sons for deficient scientific education in 
American schools. 

A second symposium, “Sociological 
Studies of Mental Disorder,” chaired 
jointly by A. B. Hollingshead and Jerome 
K. Myers of Yale University, may in- 
clude papers on sociological aspects of 
alcoholism in the United States, the so- 
cial structure of institutions for mental 
care, statistical problems in measuring 
the incidence and prevalence of mental 
disorder, social stratification and schizo- 
phrenia, and new departures in medical 
sociology with particular reference to 
mental health. 

The American Statistical Association 
(Ezra Glazer, 305 E. George Mason 


Drive, Falls Church, Va.) will have a , 


regional meeting of particular interest to 
local statisticians in both the physical 
and biological sciences. 

The Metric Association (J. T. John- 
son, Claremont, Calif.) plans a joint pro- 
gram with Section C. 


History and Philosophy of Science (L) 


The program of Section L (John W. 
Streeter, Franklin Institute, Philadel- 
phia), coordinated with the national 
meeting of the History of Science So- 
ciety, will include a symposium on com- 
munications, joint with the Conference 
on Scientific Communication Problems, 
a second symposium on free fall or the 
concept of space, possible sessions for 
contributed papers, and a business meet- 
ing. The vice-presidential address of Carl 
B. Boyer, Brooklyn College, will be given 
at a dinner, sponsored jointly with the 
History of Science Society. Section L 
will cosponsor appropriate portions of 
the society’s program and Section E’s 
“History of Geology” symposium. 

The annual national meeting of the 
History of Science Society (Morris C. 
Leikind, Armed Forces Institute of Pa- 
thology, Washington, D.C.) will include 
a symposium on the progress of the his- 
tory of science in America, another on 
recent studies of pre-Darwinian evolu- 
tion, one or more sessions for contributed 
papers, one or more luncheons or din- 
ners, and a business meeting. 

It is anticipated that the Philosophy 
of Science Association (C. West Church- 
man, Case Institute of Technology) will 
have a multisession symposium. The 
Society for General Systems Research 
(Richard L. Meier, Mental Health Re- 
search Institute, Ann Arbor, Mich.) will 
hold its annual meeting with the AAAS. 
One session will be a symposium, “Popu- 
lation Dynamics for Humans, Organ- 
isms, and Concepts,” held on the morn- 
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ing of 29 Dec., arranged by Kenneth E. 
Boulding, University of Michigan; the 
afternoon session, following an infor- 
mal luncheon, will be for contributed 
papers. 


Engineering (M) 


Section M will have a two-session sym- 
posium, “National and International As- 
pects of the Systems of Units of Science 
and Technology,” arranged by a com- 
mittee (Carl F. Kayan, College of Engi- 
neering, Columbia University, chair- 
man); it will cosponsor other appropri- 
ate programs. 

The Engineering Manpower Commis- 
sion will cosponsor the sessions of the 
Conference on Scientific Manpower. 

Two affiliated societies which have not 
participated previously in AAAS meet- 
ings have arranged special sessions: The 
American Society of Photogrammetry 
(Richard G. Ray, U.S. Geological Sur- 
vey, Washington, D.C.) plans to hold a 
two-session symposium, 29 Dec., cospon- 
sored by Section E and other appropriate 
sections, on applications of photogram- 
metry in different disciplines. The In- 
strument Society of America (Orval L. 
Linebrink, Battelle Memorial Institute) 
has scheduled a symposium, “‘Instrumen- 
tation of Precision Measurement,” for 
the afternoon of 29 Dec. 


Medical Sciences (N) 


As in previous years, Section N will 
have a four-session symposium, with par- 
ticipants coming from all parts of the 
Continent and, probably, with one or 
more speakers from abroad. This year’s 
subject is “Congenital Heart Disease.” 
The symposium, arranged by a commit- 
tee (Gordon K. Moe, State University of 
New York Medical Center, Syracuse, 
chairman), will include papers on em- 
bryology and prenatal influences, pathol- 
ogy, biochemistry physiology, diagnosis, 
and the latest treatments; included will 
be the vice-presidential address of Moe 
and the announcement of the 14th Theo- 
bald Smith award, given by Eli Lilly and 
Company. Section N will also cosponsor 
a variety of appropriate programs. 

Alpha Epsilon Delta (Maurice L. 
Moore, national secretary) will devote 
its usual morning session to the subjects 
of premedical and predental education. 
This session will be held 27 Dec., at 
George Washington University School of 
Medicine. The annual luncheon, with a 
speaker of prominence, and informal 
conferences will conclude the day’s ac- 
tivities. 

The American Psychiatric Association 
(L. J. West, University of Oklahoma 
School of Medicine) will have its usual 
special meeting with the AAAS—de- 
voted, this year, to a four-session sym- 
posium in some area of neurophysiology. 

Details of the program of the special 
meetings of the American Association of 
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Hospital Consultants (John C. MacKen- 
zie, Touro Infirmary, New Orleans) and 
the American Physiological Society (Fred 
A. Hitchcock, Ohio State University) 
are not yet available. 


Dentistry (Nd) 


The two-session symposium of Section 
Nd (Reidar F. Sognnaes, Harvard School 
of Dental Medicine), on “Calcification 
in Biological Systems,” to be held 29 
Dec., will include the following papers 
and speakers: “Calcification in repre- 
sentative invertebrates with special refer- 
ence to crustaceans,” Dorothy F. Travis, 
University of New Hampshire; “Min- 
eralization mechanism in the exoskeleton 
of molluscs and echinoderms,” Gerrit 
Bevelander, New York University; ““Min- 
eral deposition in cartilage,’ Richard 
Follis, Armed Forces Institute of Pathol- 
ogy; “Relation of organic and inorganic 
elements of bone,” Robert R. Robin- 
son, Johns Hopkins University; “Den- 
tal aspects of mineralization,” Reidar F. 
Sognnaes, Harvard University; “Discus- 
sion of physiological calcification mecha- 
nisms; pathological calcification,” George 
M. Hass, Presbyterian Hospital, Chicago; 
“Salivary calculus deposition,” S. Wah 
Leung, University of Pittsburgh; “Min- 
eral nucleation on reconstituted collagen 
in vitro,’ Melvin I. Glimcher, Massa- 
chusetts Institute of Technology; and 
“Behavior of bone in tissue culture,” 
Paul Goldhaber, Harvard University. 
The symposium will conclude with a 
general discussion and a general sum- 
mary. The program of the section will 
be cosponsored by the American College 
of Dentists, the American Dental Asso- 
ciation, and the International Association 
for Dental Research, North American 
Division. 


Pharmacy (Np) 


The three-day program of Section Np 
(John E. Christian, School of Pharmacy, 
Purdue University) begins 27 Dec. with 
a morning session for contributed papers 
on hospital pharmacy and continues with 
symposia on “The Hospital Pharmacist 
of the Future” and “Advances in Con- 
quering Cancer,” arranged by George F. 
Archambault, U.S. Public Health Serv- 
ice, Washington, D.C., and Joseph Od- 
dis, American Hospital Association, Chi- 
cago. Other sessions, for contributed pa- 
pers, are scheduled for the evenings of 
27 and 29 Dec. There will be a pharma- 
cists’ dinner, a vice-presidential address 
by Archambault, and tours of the Clini- 
cal Center, National Institutes of Health, 
and the American Pharmaceutical Asso- 
ciation. Section Np’s entire program will 
be cosponsored by the American Associa- 
tion of Colleges of Pharmacy, Ameri- 
can College of Apothecaries, American 
Society of Hospital Pharmacists, Ameri- 
can Pharmaceutical Association, and Na- 


tional Association of Boards of Phar- 
macy. 


Agriculture (O) 


Section O (Roy D. Hockensmith, Soil 
Conservation Service, U.S. Department 
of Agriculture, Washington, D.C.) will 
have a four-session symposium on “Water 
and Agriculture,” 29-30 Dec. Among the 
subjects and speakers are the following: 
(Part I) “Water for the future: water 
resources planning and development in 
agriculture,” Edward A. Ackerman, Re- 
sources for the Future, Inc., Washington, 
D.C.; “Legal aspects of water use in agri- 
culture,” Clarence A. Davis, Washington, 
D.C.; “Significance of small watershed 
programs to American agriculture,” Carl 
B. Brown, Soil Conservation Service, 
Washington, D.C.; “Changing ground- 
water conditions and their impact on 
agriculture,” R. L. Nace, U.S. Geolog- 
ical Survey, Washington, D.C. (Part II) 
“Water sources: factors that affect the 
water cycle,” William C. Ackerman, IIli- 
nois State Water Survey Division; “The 
effects of weather modification on water 
supplies,” Howard T. Orville, Beckman 
& Whitley, Inc., Long Green, Md; “Use 
of climatic data in guiding farming oper- 
ations,’ C. H. M. Van Bavel, Agricul- 
tural Research Service (ARS), North 
Carolina State College; “Precipitation 
measuring and analyses as an aid to agri- 
culture,” Gerald L. Barger, Weather Bu- 
reau, Ashville, N.C. (Part III) “Water 
planning and use: relations between soil 
conservation practices and the availabil- 
ity of water for agriculture,” Cecil H. 
Wadleigh, ARS, Beltsville, Md.; “In- 
creasing water yields by forest manage- 
ment,” Herbert C. Storey, U.S. Forest 
Service, Washington, D.C.; “Interde- 
pendence of upstream and downstream 
water management,” Wayne D. Criddle, 
Utah State Engineer, Salt Lake City; 
“Views of water users in federal recla- 
mation projects,” William I. Palmer, 
U.S. Bureau of Reclamation, Washing- 
ton, D.C. (Part IV) “Water control: 
drainage problems on agricultural lands,” 
T. W. Edminster, ARS, Beltsville, Md.; 
“Control of aquatic vegetation and phre- 
atophytes,” F. L. Timmons, ARS, Lara- 
mie, Wyo; “Suppressing evaporation for 
water surfaces,” G. Earl Harbeck, Jr., 
U.S. Geological Survey, Denver, Colo.; 
“Energy balance approach to evapotran- 
spiration from crops,” C. B. Tanner, 
University of Wisconsin. At the end of 
each session there will be a period for 
discussion after presentation of the pa- 
pers. Discussion leaders include Bernard 
Frank (U.S. Department of Agriculture, 
Washington, D.C.), Kenneth C. Speng- 
ler (American Meteorological Society), 
William G. McGinnies (Central States 
Forest Experiment Station, Columbus, 
Ohio), and Waldo E. Smith (American 
Geophysical Union). 

This symposium will be cosponsored 
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by Section E and the American Geophys- 
ical Union, American Meteorological So- 
ciety, American Society of Agricultural 
Engineers, American Society of Civil En- 
gineers, American Society of Agronomy, 
American Society for Horticultural Sci- 
ence, Gamma Sigma Delta, Geological 
Society of America, Society of Ameri- 
can Foresters, and Soil Conservation So- 
ciety of America. 


Industrial Science (P) 


The program of Section P (Allen T. 
Bonnell, Drexel Institute of Technology ) 
will include, on 29 Dec., a symposium 
on “Industrial Science Today,” of par- 





ticular interest to leaders in industry. 
This will be followed by a luncheon at 
which the retiring vice-presidential ad- 
dress of Frank C. Croxton, Battelle Me- 
morial Institute, will be given. The final 
session will be the third Industrial Cita- 
tion Dinner. 

The Society for Industrial Microbiol- 
ogy, Washington Section (Walter N. 
Ezekiel, Bureau of Mines, Washington, 
D.C.) will have a symposium cospon- 
sored by Section P and one or more ses- 
sions for contributed papers. 


Education (Q) 
The program of Section Q (Herbert 





in English 


published in Russian in 1957. 


Plant 


From 


Telephone: AL 5-0713 





Soviet Research in 
ION-EXCHANGE CHROMATOGRAPHY 


Twenty papers by leading Soviet chromatographers covering certain 
theoretical problems of the application of ion-exchange chromatography, 
as well as original research and review papers on-various applications of 
ion-exchange resins, particularly in the medicine and food industries. Pa- 
pers were originally read at a session of the Commission on chroma- 
tography, Div. of Chem. Sci., Acad. Sci. USSR, in the fall of 1956, and 
English translation, 184 pages, $35.00 


TITLES OF REPORTS 
The Laminar Method For Approximate Calculation of Chromatograms. 
Equations For Ion Exchange Isotherms and Their Experimental Veri- 
fication. 
Absorption of the Cations of Heavy Metals by Anion Exchange Resins. 
Principles of Adsorption Technology. 
Laws of Adsorption From Solutions Under Dynamic Conditions During 
Separation of Alkaloids by Means of Ion Exchange Resins. 

Ion Exchange of Alkaloids on Synthetic Ion Exchange Resins. 
Structure of Cation Exchange Resins, Their Suggested Chemical Struc- 
ture, and Possible Breakdown Products. 

Basic Problems in the Synthesis and Study of Ion Exchange Resins. 
The Physicochemical Properties of Ion Exchange Resins. 

The Properties of Some Cation Exchange Resins and the Possibility ot 
Using Them in the Medical and Food Industries. 

The Properties of Certain Anion Exchange Resins and the Possibility of 
Using Them in the Medical and Food Industries. 

Purification of Certain Chemical Compounds by Means of Ion Exchange 
Sorbents. 

The Possibility of Using Ion Exchange Resins for Obtaining Drinking 
Water From Water of High Mineral Content. 

Purification of Lactic Acid by Means of Ion Exchangers. 
Methods for Isolating Anabasine, Spherophysine, and Methyl Caffeine 
Raw Material and Mother Liquors by 

Exchangers. 
Elution Curves of Morphine During Ion Exchange Chromatography on 
Cation Exchangers. 

The Application of Ion Exchange Adsorbents in Pharmaceutical Analysis. 
Absorption of Streptomycin by the Hydrogen and Hydrogen Salt Forms 
of Carboxylic Cation Exchangers. 

The Use of Ion Exchange Sorbents for Preventing Blood Clotting. 
Separation of Cadmium and Copper, Cadmium and Lead, and Cadmium 
and Bismuth by Ion Exchange Chromatography. 


Consultants Bureau’s translations by bilingual scientists. Clear reproduction 


by multilith process from IBM cold-type, including all diagrammatic and 


tabular material; books staple bound in durable paper covers. 


CONSULTANTS BUREAU, INC. 
227 West 17th Street, New York 11, N. Y. 
Cable: CONBUREAU NEWYORK 


translation 


Means of 


Ton 
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A. Smith, University of Kansas) includes 
two joint sessions with the [nternational 
Council for, Exceptional Children, 26 
Dec.; two sessions, joint, with the Amer- 
ican Educational Research Association, 
30 Dec.; four sessions for contributed 
papers, 29-30 Dec.; and a business meet- 
ing and the vice-presidential address of 
Harry A. Cunningham, Kent State Uni- 
versity, 29 Dec. The AAAS Cooperative 
Committee on the Teaching of Science 
and Mathematics (Bernard B. Watson, 
2806 Blaine Drive, Chevy Chase, Md.) 
will cosponsor the National Association 
for Research in Science Teaching pro- 
gram. 

The four science teaching societies 
meeting with the AAAS (coordinator, 
Robert H. Carleton, Executive Secre- 
tary, National Science Teachers Asso- 
ciation, Washington, D.C.) will have a 
joint mixer the evening of 27 Dec. The 
joint session the morning of 28 Dec. will 


be devoted to the findings of the Inter- . 


national Geophysical Year. 

The separate portions of the program 
of the regional meeting of the National 
Science Teachers Association (William 
A. Kilgore, D.C. Teachers College, 
Washington, D.C.) consists of a meeting 
of the executive committee and two ses- 
sions on 27 Dec. and three other sessions 
on 28 and 29 Dec., the one on elemen- 
tary science joint with the American 
Nature Study Society. Tours to the Na- 
tional Institutes of Health, the Bureau 
of Standards, and the Agricultural Re- 
search Center 


are scheduled for the 
morning of 29 Dec. 
The National Association for Re- 


search in Science Teaching (Ellsworth 
S. Obourn, U.S. Office of Education, 
Washington, D.C., and Thomas P. Fra- 
ser, Morgan State College, Baltimore, 
Md.) will have a program of particular 
interest to science and mathematics su- 
pervisors, the morning of 27 Dec. 


Science in General (X) 


The annual Academy Conference 
(John A. Yarbrough, Meredith College, 
Raleigh, N.C.,) composed of delegates 
and other members of the 44 academies 
affiliated with the Association, will hold 
a day of sessions on 28 Dec., concluding 
with the annual dinner and presidential 
address by Yarbrough. An additional 
session devoted to a conference on junior 
academies is under consideration. The 
Academy Conference will sponsor the 
12th annual Junior Scientists Assembly 
(Keith C. Johnson, Woodrow Wilson 
High School, Washington, D.C.) for se- 
lected high-school students, to be held 
at a convenient site, apart from the rest 
of the meetings. 

The American Association of Scientific 
Workers (Robert J. Rutman, national 
secretary, 6331 Ross St., Philadelphia 
44) is planning a one-day conference on 
participation of women in science. 
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Announcing— 


an important new series of monographs 
on nuclear engineering subjects. 
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REACTORS OF THE WORLD 


This unique collection of cutaway drawings 
of twelve atomic reactors contains a resume of 
technical data on each reactor such as type, 
purpose, capacity, fuel, canning, moderator, 
lattice, pressure vessel, coolant, pumping, flux, 
conversion, burn-up reactivity, shielding, boil- 
ers, turbo-alternators and steam dumping. The 
following reactors are treated: Bepo; C.P. 5; 
N.R.X.; Dimple; Zeus; Calder Hall; 5 MW 
Russian Reactor; Dido; 
Dounreay; E.B.W.R.; Lido. 
8% x 11%. 


Bradwell-on-Sea; 
1958. 24 plates. 
Illus. Card Covers. $2.50 


ELEMENTARY NUCLEAR PHYSICS 
by W. K. Mansfield 
Presents the basic nuclear physics of reactors. 
Summarizes the atomic theory of matter, and 
gives an elementary account of nuclear theory 
dealing with radioactivity, nuclear reactions, 
and fission. Neutron-induced reactions and the 
concept of neutron flux are covered. There are 
chapters on the properties of nuclear radiations 
and radiation measurements. 1958. viii. 60 pp. 
Illus. 5% x 8%. Paper. $2.75 


NUCLEAR REACTOR THEORY 
by J. J. Syrett 


Outlines the physics of reactor design, with 
emphasis on the heterogeneous graphite-natural 
uranium thermal reactor for nuclear power 
plant. Covers fission chain reaction and the con- 
cept of critical size. Shows how theories of 
slowing down and diffusion of neutrons can be 
applied to determine behavior of neutrons in a 
reactor lattice and conditions which must be 
satisfied for a stable chain reaction. Describes 
effect of temperature changes and neutron ir- 
radiation on reactor properties, and discusses 
reactors and their fueling. 1958. viii. 80 pp. 
Tl. 5% x 8%. Paper. $2.95 


REACTOR HEAT TRANSFER 
by W. B. Hall 

The transfer of heat from fuel elements to 
coolant is a problem of growing importance in 
reactor cooling. This Monograph deals with the 
fundamental aspects of convective heat trans- 
fer; the application of heat-transfer principles to 
reactor design; and miscellaneous aspects of re- 
actor heat transfer. 1958. viii. 68 pp. Illus. 
5% x 8%. Paper. $2.75. 


In Preparation 


® NUCLEAR REACTOR SHIELDING 

® NUCLEAR REACTOR CONTROL AND 
INSTRUMENTATION 

© STEAM CYCLES FOR NUCLEAR POWER 
PLANT 
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The American Geophysical Union 
(Waldo E. Smith, AGU, Washington, 
D.C.) is planning a regional meeting 
and will cosponsor appropriate sessions, 
such as those on the IGY program. 

The program of the annual national 
meeting of the American Nature Study 
Society (Stanley Mulaik, University of 
Utah) begins with a board meeting on 
26 Dec. and includes, besides joint ses- 
sions with the science teaching societies, 
general sessions on 27 Dec. and the after- 
noon of 28 Dec. The annual dinner, fol- 
lowed by the annual showing of Koda- 
chrome slides, will be held the evening 
of 29 Dec.; the joint field trip with the 
National Association of Biology Teach- 


-ers will be held on 30 Dec. 


The Conference on Scientific Com- 
munication Problems (George L. Seiel- 
stad, Applied Physics Laboratory, Johns 
Hopkins University, Silver Spring, Md.) 
now in its seventh year, will have six ses- 
sions, 28-30 Dec., devoted, respectively, 


to “Science in the News,” “Science in 


Storage,” “Science and the National De- 
fense,’ “Science and ‘“Three-Dimen- 


sional Presentations,” “Science in Text- 
books,” and “Science in Translation.” 

Details of the annual Conference on 
Scientific Manpower (Thomas J. Mills, 
National Science Foundation) are not 
yet available. As in previous years, this 
program will be cosponsored by the En- 
gineering Manpower Commission, Sci- 
entific Manpower Commission, National 
Academy of Sciences—National Research 
Council, and National Science Founda- 
tion. 

The three sessions devoted to the 
International Geophysical Year (Hugh 
Odishaw, National Academy of Sciences, 
Washington. D.C.)—which, technicallv, 
concludes with the last day of the AAAS 
meeting—will outline the latest IGY 
findings (i) in the Arctic and Antarctic, 
(ii) on missiles and satellites, and (iii) 
in meteorology and oceanography. 

The national meeting of Sigma Delta 
Epsilon, graduate women’s science fra- 
ternity (Virginia Lee Blackford, Wash- 
ington, D.C.), begins with a_ business 
meeting on 27 Dec. and includes the an- 
nual dinner and grand chapter meeting 
on 29 Dec. and a luncheon for all women 
in science on 30 Dec. A headquarters 
room will be maintained throughout the 
meeting period. 

At least one of the annual addresses 
of the Society of the Sigma Xi (Thomas 
T. Holme, Yale University) and of the 
Scientific Research Society of America 
(Donald B. Prentice, Yale University) 
and the award of the William Procter 
prize are scheduled for the evening of 
29 Dec., following the 59th annual con- 
vention of the Society of the Sigma Xi, 
the annual convention of RESA, and 
their joint luncheon. 

The 19th annual lecture of the United 
Chapters of Phi Beta Kappa (Carl Bill- 





man, Phi. Beta Kappa, Washington, 
D.C.) is scheduled for the evening of 
27 Dec. 

The Washington Academy of Sciences, 
which has as affiliates some 30 local sci- 
entific societies and local branches of 
national organizations, will have a spe- 
cial December meeting with the AAAS 
(George W. Irving, ARS, U.S. Depart- 
ment of Agriculture, Washington, D.C.), 


Call for Papers by AAAS Sections 


Eight sections of the Association will 
arrange sessions for contributed papers 
at the Washington meeting. The secre- 
taries or program chairmen to whom 
titles and abstracts should be sent, not 
later than 30 September, follow: 
C-Cuemistry. F, O. Rice, Department 

of Chemistry, Catholic University of 

America, Washington, D.C. 
E-Gro.tocy AND GrocrapHy. Both geol- 

ogy and geography, cosponsored re- 

spectively by the Geological Society of 

America and the Association of Amer- 

ican Geographers, Middle Atlantic Di- 

vision: Frank C. Whitmore, Jr., U.S. 

Geological Survey, Washington 25, 

D.C. 

F-—ZootocicaL Sciences (if outside the 
scope of the American Society of 
Zoologists and Society of Systematic 
Zoology, which are meeting with the 
AAAS). Karl M. Wilbur, Department 
of Zoology, Duke University, Durham, 
N.C. 

G-BoranicaL Sciences. Barry Com- 
moner, Henry Shaw School of Bot- 
any, Washington University, St. Louis 
5, Mo. 

K-SociAt AnD Economic Sciences. Don- 
ald P. Ray, Hall of Government, 
George Washington University, Wash- 
ington 6, D.C. 

L-History AND PxHiLosopHy oF Scr 
ENCE. John W. Streeter, Franklin In- 
stitute, Philadelphia 3, Pa. 

Np—Puarmacy. John E. Christian, 
School of Pharmacy, Purdue Univer- 
sity, Lafayette, Ind. 

O-Epucation. Herbert A. Smith, 205 
Bailey, School of Education, Univer- 
sity of Kansas, Lawrence. 

Although the deadline is 30 Sept., 
most sections, and subsequently — the 
AAAS office, would be glad to receive 
titles in advance of this date. 

Raymonp L. TayLor 

Associate Administrative Secretary 


Forthcoming Events 


June 


23-24. Unstable Chemical Species 
Symp., Los Angeles, Calif. (Directorate 
of Advanced Studies, Air Force Office of 
Scientific Research, P. O. Box 2035-D, 
Pasadena, Calif. ) 

23-25. American Soc. of Heating and 
Air-Conditioning Engineers, semiannual, 
Minneapolis, Minn. (A. V. Hutchinson, 
ASHAE, 62 Worth St., New York 13.) 
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WISHING ... for one dependable 
source for research biochemicals 7 


Let NUTRITIONAL BIOCHEMICALS CORPORATION be the one 
answer to all your problems of quality, service, and economy 
in the biochemical field. 
A COMPLETE SELECTION OF 
MORE THAN 200 NUCLEOPROTEINS and DERIVATIVES 
Typical Derivatives 
Adenosine Triphosphate 6 Mercaptopurine 












Cytidine Uridylic Acid 
Cozymase Uridine 
Coenzyme 1, 11, A 2, 6 Diamino Purine Sulfate 





Cytosine 8 Aza Guanine 








NUTRITIONAL 
BIOCHEMICALS 

CORPORATION 

21010 Miles Avenue ... Cleveland 28, Obio 





Write For 

New Catalog 
Feb. 1958 

Over 2100 Items 
Write Dept. 102 





MICROMANIPULATOR 
ey VEG Rel» a 


Unmatched flexibility of movements in all directions in 
space are achieved by natural hand movements under 
magnifications of 100 X to 2000 X without adjustment. 
The “Cailloux” advanced design combines maximum speed, 
precise response and stability with unusual ease of oper- 
ation. Back-lash, parasitic vibrations and lag are elimi- 
nated. Prolonged manipulations can be conducted without 
fatigue. Includes many additional exclusive features. 


LOW IN PRICE 
C. H. STOELTING COMPANY 


424 N. HOMAN AVE., CHICAGO 24, ILL. 
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For Rapid, Sensitive, 


Accurate, Automatic Titration. . . 
The COTLOVE* 


CHLORIDOMETER 


For the analysis of serum, urine, and tissue ex- 
tracts; synovial, spinal, gastro- intestinal, and other 
body fluids; sweat, pleural effusions, and other exu- 
dates and transudates; brine; and dialyzates. 


IN 6 STEPS AND IN LESS THAN 60 SECONDS 


SET ADJUSTABLE POINTER 
TO 10 DIVISIONS ABOVE 
INDICATING POINTER 


WHEN TIMER STOPS 
AUTOMATICALLY, 
RECORD SECONDS 


RESET TIMER 
TO ZERO 





PLACE SAMPLE 
IN POSITION 


TURN SWITCH TURN SWITCH SELECTED 
TO "ADJUST" (Nol) TO"“TITRATE" (No.2) TITRATION RANGE 


The Chloridometer is used for automatic and accurate deter- 
mination of chloride concentration and is potentially adapt- 
able to bromide, iodine, and sulfhydryl groups. In use in the 
leading medical schools and research centers the Chloridometer 
showed important advantages of sensitivity and simplicity over 
the commonly employed colorimetric and electrometric methods. 


The instrument uses an amperometric end-point to obtain 
automatic shut-off at a pre-set increment of indicator current. 
Generator electrodes in the coulometric circuit release silver 
ions into the titration solution of a constant rate. When all 
chloride is precipitated, the increasing concentration of free 
silver ion causes a rising current to flow through the indicator 
electrodes and the preset meter-relay stops the timer, which 
runs as silver ions are generated. Since the rate of generation 
of silver ion is constant, the account of chloride precipitated is 
proportional to the elapsed time. 


Accuracy: +.5 per cent, better than +.1 per cent under opti- 
mal conditions 

Sensitivity: 0.25 microequivalent 

Sample Size: 0.01 ml or more with +.5 per cent accuracy, 
smaller amounts with diminished accuracy 

Price: Complete with electrode assembly, 1 oz. Silver wire, 
200 cuvettes, 2 stainless steel cuvette racks, 3 vials of 
Gelatin reagent (powder), 500 ml spray bottle, cleaning 
kit and instruction manual. $498.00 

Delivery: From Stock 
* The CHLORIDOMETER is produced according to the design of 


E. Cotlove, H. V. Trantham and R. L. Bowman of the National Heart 
Institute, Bethesda, Md. 


For models with other voltage and current ratings and for 
complete performance data, specifications, and description of 
optional accessories, such as automatic dispensing pipette- 
buret. 
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FRONTIERS IN CYTOLOGY 


edited by Sanford L. Palay 


A review of areas in cytology which have been intensively inves- 
tigated in recent years. Contributors include E. W. Dempsey, Don W. 


Fawcett, A. R. T. Denues, John J. Biesele, 


David P. Bloch, John I. 


Nurnberger and Malcolm W. Gordon, Helen Wendler Deane, Russell 
J. Barrnett, George E. Palade, Sanford L. Palay, H. Stanley Bennett, 
Gabriel C. Godman, Elias E. Manuelidis, William H. Gaylord, Jr., 
F. Duran-Reynals, and William G. Banfield. 


THE COMPUTER 
AND THE BRAIN 
by John von Neumann 


$3.00 


THE TRAVELS OF 
WILLIAM BARTRAM 


NATURALIST’S EDITION 
edited by Francis Harper 
$8.50 


$9.75 


LISTENING 
IN THE DARK 
by Donald R. Griffin 
$7.50 


THE WORLD OF 
THE ELECTRON 
MICROSCOPE 


by Ralph W. G. Wyckoff 








STEREOSCOPIC 


MICROSCOPE 
for the budget-minded ! 


Designed and sturdily built for 
educational or industrial use, 
UNITRON Model MSL has the 
same optical and mechanical 
features found in higher priced 
instruments. 

Erect, three-dimensional image 
Coated optics and prisms 


Achromatic 2X paired aoa 
paired wide field eyepiec: 

Working distance 75mm. 

Vertical binocular body with inter- 
pupillary and diopter adjustments 
Total focusing excursion 70mm. 


Heavy base, removable glass stage 
plate, stage cli ips 


Choice of one magnification 10X, 20X 
or 30X, extra eyepieces available 


Complete in fitted hardwood cabinet .... 
FREE 10 DAY TRIAL 


ALSO AVAILABLE 
Model MSL-A with magnifications — 
wt age 1 














SX of 10X renee FOB Boston 
Extra eyepieces............ air $10.50 
Model LS Stereoscopic Wwicroscope LOUD sccisaey $14.75 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 


204-206 MILK STREET « 





BOSTON 9, MASS. 














i Please rush to me, UNITRON's Microscope Catalog. 4E4 H 
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Company. 
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Give your children these 

beautifully illustrated, 

scientifically accurate 
books by 


GERALD AMES 
and ROSE WYLER 


Authors of 
The Story of the Ice Age 
and Restless Earth 
FIRST DAYS 
OF THE WORLD 
® 
THE FIRST PEOPLE 
IN THE WORLD 
Both with pictures in full color by 
LEONARD WEISGARD 
Each $2.95 
Library edition, Each $3.75 
At all bookstores 
HARPER & BROTHERS, N.Y. 16 GN 











23-25. American Soc. of Refrigerating 
Engineers, annual, Minneapolis, Minn. 
(R. C. Cross, ASRE, 234 Fifth Ave., New 
Work 1.) “4 

23-27. American Soc. of Civil Engi- 
neers, Portland, Ore. (W. H. Wisely, 
ASCE, 33 W. 39 St., New York 18.) 

23-28. Low Temperature Physics, 6th 
internatl. conf., Leiden, Netherlands. (J. 
van den Handel, Kamerlingh Onnes Lab- 
oratory, Leiden. ) 


24-26. Carcinogenesis: Mechanisms of 


Action, Ciba Foundation symp. (by invi- 
tation), London, England. (G. E. W. 
Wolstenholme, 41 Portland Pl., London, 
W.1.) 

24-27. American Home Economics As- 
soc., annual, Philadelphia, Pa. (Miss M. 
Horton, AHEA, 1600 20 St, NW, 
Washington 9.) 

25-28. American Assoc. of Physics 


Teachers, Boulder, Colo. 
School of Physics, Univ. 
Minneapolis. ) 

25-1. International Soc. of Urology, 
lith, Stockholm, Sweden. (G. Giertz, 
Karolinska Sjukhuset, Stockholm C.) 

29-2. American 
Madison, Wis. (J. A. Hynek, Smithsonian 
Astrophysical Observatory, 60 Garden St., 
Cambridge 38, Mass. ) 


(F. Verbrugge, 
of Minnesota, 


29-4. National Education  Assoc., 
Cleveland, Ohio. (W. G. Carr, NEA, 


1201 16 St., NW, Washington 6.) 

30-5. High Energy Nuclear Physics 
Conf., annual (by invitation), Geneva, 
Switzerland. (CERN, Geneva 23.) 


July 


4-6. Astronomical League, Ithaca, N.Y. 
(Miss W. A. Cherup, 4 Klopfer St., Mill- 
vale, Pittsburgh 9, Pa.) 

6-12. Cancer Cong., 7th intern., Lon- 
don, England. (H. F. Dorn, National Inst. 
of Health, Bethesda 14, Md.) 

6-12, Research and Development Engi- 
neering Seminar, 2nd annual, University 


Park, Pa. (Extension Conference Center, 
Pennsylvania State Univ., University 
Park. ) 


7-9. Exchange of Knowledge in a Di- 
vided World, Chicago, Ill. (H. W. Winger, 
Graduate Library School, Univ. of Chi- 
cago, Chicago 37). 

7-11. Technical and Industrial Com: 
munications Inst., Fort Collins, Col. 
(Chairman, Dept. of English and Modern 
Languages, Colorado State Univ., Fort 
Collins. ) 

7-12. Nuclear Physics, intern. cong., 
IUPAP, Paris, France. (C.1.P.N., Institut 
du Radium, II, rue Pierre Curie, Paris 5°). 

8-11. Institute of the Aeronautical Sci- 
ences, summer, Los Angeles, Calif. (S. P. 
Johnston, IAS, 2 E. 64 St., New York 21.) 

9-15. Zoological Nomenclature Collo- 
quium, London, England. (F. Hemming, 
28 Park Village East, Regent’s Park, Lon- 
don, N.W.1.) 

10-14. Research Methods in Soil Zool- 
ogy, colloquium, Harpenden, Hertford- 
shire, England. (P. W. Murphy, Rotham- 
sted Experimental Station, Harpenden.) 

15-22. Association Francaise pour 
lPAvancement des Sciences, 77th cong., 
Namur, Belgium. (AFAS, 28, rue Ser- 
pente, Paris VI*, France.) 


(See issue of 16 May for comprehensive list) 
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Letters 


Legibility 


The current intensified effort to make 
foreign technical literature more acces- 
sible raises questions about the legibility 
of the translations scientists are expected 
to review and ways in which such defi- 
ciencies as occur in this respect can be 
corrected. Scientists must do enough 
reading as it is without the additional 
burden of having to read material that 
seems better designed to increase eye- 
strain than to impart information. 

The copies of translations which have 
come to our attention leave much to be 
desired. Many of the original translations 
were poorly typed—letters were faded or 
smudged, and so on. Some reproductions 
have been negatives—that is, white type 
on black background—making for very 
difficult reading. In a number of cases 
reductions in size of type and in spacing 
between words and lines have com- 
pounded the illegibilities and compacted 
the text beyond acceptable minimum 
standards. 

Such conditions undoubtedly contrib- 
ute to eyestrain, and thus to an increased 
drain on our energies—and perhaps even 
to a build-up of psychological: resistance 
to the reading matter as a whole. 

Since requirements for effective scien- 
tific work undoubtedly encompass the 
well-being of the scientists themselves, 
we suggest that information on standards 
be summarized and disseminated for the 
express purpose of promoting necessary 
improvements in the materials we have 
to read. (We recognize, of course, that 
other conditions may contribute to eye- 
strain, such as poor lighting or improp- 
erly designed fixtures or furniture. Here, 
too, ample information is available on 
desirable standards.) To that end we 
propose the appointment of an AAAS 
committee to (i) collect and report on 
technically established legibility stand- 
ards for reading matter; (ii) determine 
the extent to which such standards are 
being met by translation services (public 
or private), and (iii) work with such 
services toward meeting standards where 
they are not now being met. The follow- 
ing illustrates how standards can be for- 
mulated. Maximum acceptable number 
of lines per (vertical) inch may be taken 
as 10. Maximum number of characters 
(letters, punctuation marks, and so on, 
and word spaces) per line may be 60, 
with 25 to 50 an ideal range. Incidentally, 
the American Council of Learned Socie- 
ties reported on a study on this general 
subject in a 207-page “Manual on Meth- 
ods of Reproducing Research Materials,” 
by Robert C. Binkley and others (Ed- 
wards, Ann Arbor, Mich.), in 1936. 

One objection that may be raised to 
higher standards (one physicist of our 
acquaintance did raise it) is that the cost 
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of reproducing translations might be 
materially increased. Probably so, at least 


in the beginning. However, the benefits | 


to the individuals and their work should | 


be well worth the higher costs, if any. 
And in any event, technical ingenuity can 
surely be counted upon to bring down 
costs if the incentives to do so become 
strong enough. 
We hope this letter will arouse discus- 
sion leading to positive action. 
BERNARD FRANK 
Rosert T. Hauy 
Forest Service, 
U.S. Department of Agriculture 


Blood-Group Nomenclature 


The undersigned object to the report 
in the Journal of the American Medical 
Association for 31 August 1957 on 
“Medicolegal applications of blood 
grouping tests.” In our judgment this re- 
port is a highly biased document, and 
certain of us have already expressed con- 
trary opinions during the course of the 
report’s formulation, without much ef- 


fect. The Subcommittee on Medicolegal | 


Problems responsible for this report con- 


sisted of four members all of whom are | 


from the United States and two of whom 
were the chief protagonists for one of 
the nomenclatures under dispute. There- 
fore we, the undersigned, do not intend 
to abide by the recommendations of the 
report, and we shall continue to use the 
C-D-E nomenclature until such time as 
a properly representative international 
body arrives at a definite nomenclature. 


Frep H. ALiEN, Jr., Sam M. Belser, | 
WiiuaM C. Boyp, Ivan W. Brown, Jr., | 


RuGceERO CEPPELLINI, 

Hucu Cuap.in, Jr., BRuceE CHown, 
WiiuiAM H. Crossy, 

WILLIAM DAMESHEK, 

I. DavinsoHN 

Louis -K. Diamonp, L. C. Dunn, 
STANLEY M. Garn, Exoise R. GIBLeETT, 
T. J. Greenwa tt, 

Morton GrovE-RASMUSSEN, 

Harotp H. Gunson, Sot HaBerMan, 
J. M. Hitt, Catperon Howe, 

Ex.vin A. Kazat, Jutius R. Krevans, 
Pur Levine, CHricHton McNEILL1, 
James F. Moun, Swney RaArrFet, 
ALAN RicHARDSON-JONES, 

RicHarp E, RosenFiE.p, JoHN B. Ross, 
Joun Scupper, ARTHUR G. STEINBERG, 
Puitie STURGEON, 

MAxweELL M. WINTROBE 


The report of the Subcommittee on 
Medicolegal Problems, published in the 
Journal of the American Medical Asso- 
ciation, contains a recommendation on 
Rh nomenclature that can hardly be con- 
ceived as a restriction on the liberty of 
the signers of the protest, or of anyone 
else active in the field, to use whatever 
terminology they choose. The desirabil- 
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BLICKMAN 


VACUUM DRY BOX 


Designed for safe handling of 
radio-isotopes, reactor fuel con- 
taining Plutonium or U233 and 
other hazardous substances. With 
air-lock, it can be sealed to create 
a vacuum. Fabricated of stainless 
steel plate—34” long x 26” high x 
24” wide at base. Air-lock meas- 
ures 18” x 12”. Send for Techni- 
cal Bulletin A-2. 


FOR SAFE HANDLING OF 
RADIOACTIVE MATERIALS 
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siickman FUME HOOD 


Originally designed and devel- 
oped for the AEC, this Fume 
Hood assures maximum safety in 
the handling of radioactive ma- 
terials and radioactive isotopes. 
Sturdy 14-gauge stainless steel, 
round corner construction pro- 
vides long life...easy cleaning and 
decontamination. Send for Tech- 
nical Bulletin E-3. S. Blickman, 
Inc., 6905 Gregory Avenue, Wee- 
hawken, N. J. 

VISIT US AT: 


position, New 
June 9-13, 1958. 


BLICKMAN 


LABORATORY EQUIPMENT 


Look for this symbol! of quality 
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York Coliseum, Booth #539, 











ity of a uniform nomenclature appears to 
be a matter of common recognition; to 
quote from the summary and conclusions 
of the report: “Of the two available sys- 
tems the Committee favors the Rh-Hr 
over the C-D-E for what it considers 
strong reasons. It recognized faults in 
both systems and suggests that the 
achievement of an internationally accept- 
able terminology is a desirable objective.” 
The report contains a long section on 
“contrary opinion on nomenclature” 
(pages 2037-2039), recognizing a sharp 
and almost equal division of opinion on 
this matter and attempting a fair presen- 
tation of the contrary opinion that had 


come to the attention of the subcom- 
mittee. This diversity of opinion: was 
further noted in the “summary and con- 
clusions,” where the recommendation is 
clearly identified as an “interim” one, to 
apply “unless and until some other con- 
vention can be agreed upon.” 

Perhaps the only conclusion that can 
be stated at present is that this issue will 
remain unsolved until “a properly repre- 
sentative international body arrives at a 
definite nomenclature.” The virtually 
identical phrasing of the protest and the 
report itself in this connection (“ 
suggests that the achievement of an in- 
ternationally acceptable terminology is a 
















Geatures 


® Positive indexing system 


Automatic 
Fraction Collector 


= PLUG-IN CONTROL UNITS 
Metering by Volumetric Siphoning 
Constant Timing 
Drop counting 


= 24" and 15” diam. Turntables accommodating 
90 to 500 tubes of 10 to 25mm diam. 








2005 HOPKINS ST. 












® Automatic stop accessory turns off columns at end of run 


® Motor and drive mechanism sealed against moisture 


PRICES FROM $435.00 


Write for Bulletin 1205-A 
or contact your authorized RSCo Dealer 


Reco division of 


RESEARCH SPECIALTIES CO. 





BERKELEY 7, CALIF. 








desirable objective”) may indicate a 
greater degree of concordance of opin- 
ion on the main issue than has previ- 
ously been evident. If the report, and 
the protest it evoked, serve to point com- 
pellingly to the desirability of an accept- 
able solution to this issue, a useful serv- 
ice will have been performed. 
CoMMITTEF ON MEDICOLEGAL PROBLEMS, 

AMERICAN MeEpicAL ASSOCIATION 
Chicago, Illinois 


Editor’s note: The report referred to 
was prepared by a subcommittee consist- 
ing of A. S. Wiener, Ray D. Owen, 
Clyde Stormont, and Irving B. Wexler. 
It contains the following recommenda- 
tion, under the heading “Summary and 
conclusions” : 


Because the use of two systems of no- 
menclature for the Rh-Hr system leads to 
confusion and misunderstanding, the Com- 
mittee on Medicolegal Problems of the 
American Medical Association recom- 


mends the adoption of a single uniform. 


system for medicolegal reports. Of the two 
available systems, the Committee favors 
the Rh-Hr over the C-D-E for what it 
considers strong reasons. It recognized 
faults in both systems, and suggests that 
the achievement of an internationally ac- 
ceptable terminology is a desirable objec- 
tive. In the interim, it is recommended 
that, unless and until some other conven- 
tion can be agreed upon, the original 
Rh-Hr notations be kept as the standard 
and sole nomenclature for preparing ap- 
proved medicolegal reports on Rh-Hr 
types. 


For those who are uninformed about 
the long-standing controversy over the 
Rh nomenclature, it may be pointed out 
that the Rh-Hr nomenclature, developed 
and elaborated by A. S. Wiener, has pri- 
ority in time and is generally favored by 
workers who regard the varieties of Rh 
antigens on human red blood cells as 
being determined by members of a mul- 
tiple allelic series of genes. The alterna- 
tive nomenclature, deriving from R. A. 
Fisher and R. R. Race, assumes a pseudo- 
allelic relation between three closely 
linked genetic loci, C-D-E. This nomen- 
clature, which to some extent is used in 
the United States, is used very widely, if 
not exclusively, in Great Britain and in 
Europe, where it is generally regarded 
as being considerably simpler to use in 
teaching the complexities of Rh inheri- 
tance. Repeated efforts have been made 
to arrive at a universally accepted no- 
menclature; but in the absence of cer- 
tainty about the genetic realities of the 
situation, no compromise has been 
reached. 

Obviously, the use of some standard 
and sole nomenclature would be desir- 
able. On the other hand, the imposition 
of such a standard by an American group 
representing only one side of the con- 
troversy can serve only to sharpen in- 
ternational divisions of practice and 
opinion.—BENTLEY GLass 
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VENOMS 


Edited by: Eleanor E. Buckley, Medical Department, 
Wyeth Laboratories; and Nandor Porges, Eastern Re- 
gional Research Laboratory of the U.S. Department of 
Agriculture, Philadelphia, Pennsylvania. 


6 x 9 inches, 480 pages, 113 illustrations, index, clothbound, 1956. 
Price $9.50. AAAS Members’ prepaid order price $8.25. 
A symposium volume of the American Association 
for the Advancement of Science. 


The more than sixty scientific papers included in this 
volume were presented at the first International Con- 
ference on Venoms during the AAAS Meeting in Berke- 
ley, California. The authorship spans the globe, and the 
coverage of all aspects of the problem is equally compre- 
hensive. 


E. R. Trethewie of Australia reports experimental 
studies on certain pharmacological antagonists used in an 
effort to prolong life, providing more time for therapeutic 
measures. B. W. Halstead of the College of Medical 
Evangelists in California covers present knowledge on 
poisonous fishes. H. A. Reid of Malaya describes clinical 
effects of the bite of the sea snake (Enhydrina schistosa) 
in three fatal cases. Giovanni Favilli of the University 
of Bologna, Italy, discusses spreading factors in animal 
parasites and venoms, and some properties of hyaluroni- 
dase. The last subject is also covered by Paul Boquet, of 
the Institut Pasteur, in Paris. B. R. Criley and associates, 
of the Wyeth Laboratories, Marietta, Pennsylvania, 
describe the development and standardization of a multi- 
valent refined antivenom for the family Crotalidae. The 
final article by H. L. Keegan of the U.S. Army Medical 
Corps presents an invaluable list of all known anti- 
venins available throughout the world for all types of 
poisonous bites, with information on producers, sources, 
indications, dosages, and other details. The random se- 
lection is only a small sample of the wealth of valuable 
material by outstanding world authorities. 


This book covers: poisonous fishes and marine or- 
ganisms, many species of venomous snakes, the Gila mon- 
ster, toads, scorpions, spiders, caterpillars, wasps and 
other venom-bearing insects; hyaluronidase-like sub- 
stances and other spreading factors in venoms; various 
chemical components of venoms, coagulant and anti- 
coagulant factors, antigenic principles; various experi- 
mental and suggested clinical uses of venoms; clinical 
considerations such as mortality rates in various localities 
throughout the werld; and treatment of many kinds of 
envenomation (by snakes, scorpions, spiders and other 
organisms). Included are new developments in sero- 
therapy and types of supplementary medication (as cor- 
tisone, ACTH, antihistamines). The dangers of refrigera- 
tion for treatment of envenomation are discussed. 


Physicians, pharmacologists, chemists, and zoolegists 
will all find this volume an invaluable reference. 


British Agents — Bailey Bros. & Swinfen, Ltd., 
46 St. Giles High Street, London, WC2. 


AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


1515 Massachusetts Avenue, N.W., 
Washington 5, D.C. 
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Model WB-4 
Ultra-compact—smallest avail- 
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Integral construction—14 ma- 
nometers. Amplitude and rate AMPLITUDE 
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for complete information. 
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Newly Developed Single Unit 
GYROTORY® 


INCUBATOR-SHAKER 


Patent pending 


A compact, efficient 
self-contained, rotary ac- 
tion shaker and incu- 
bator featurina operation 
at constant temperatures 
with large shaking plat- 
form and vigorous agita- 
tion. 





The Model G25 is a fully insulated incubator with a 400-watt 
heater. Thermal control and circulating fan maintain tem- 
peratures from ambient to 60°C., + %°C. Interior dimensions 
are 34” wide, 22” long and 1542” deep. The 18” x 30” inter- 
changeable shaking platform, with a 1” eccentric rotary mo- 
tion, can be set from 140 to 400 oscillations per minute without 
drift or variation. (Alternate range of 50 to 150 available.) 
Standard platforms hold Erlenmeyer flasks, test tubes or can 
be adapted for other types of glassware. 


UNCONDITIONAL ONE YEAR GUARANTEE 
Write for Bulletin G25-S 
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wl PRECISION LABORATOR 
yy 
Naw P. ©. BOX 606 + NEW BRUNSWICK, W. J. 


Se 

















23 MAY 1958 


1257 








Equipment 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable. Science does not assume 
responsibility for the accuracy of the informa- 
tion. A coupon for use in making inquiries con- 
cerning the items listed appears on page 1262. 


@ FLUID-DENSITY GAGE uses a radioactive 
source and a detecting cell that furnishes 
an electrical output proportional to fluid 
density. Full-scale range may be as nar- 
row as 0.05 specific-gravity units with 
precision of +2 percent of the range. 
The gage is designed for use with pipes 


of small diameter. It will operate at 
temperatures up to 350°F. Accessories 
include automatic temperature compen- 
sation and recording and controlling 
equipment. (Ohmart Corporation, Dept. 
54) 


™ DIFFERENTIAL TRANSFORMER for meas- 
urement of displacement over the range 
+0.15 in, with sensitivity of 0.5 mv/mil 
per volt is designed to be explosion 
proof. Operation at a temperature of 
500°F is permitted by its construction. 
Unit is 2% in. long and 1% in. in diam- 
eter. (Automatic and Controls 


Inc., Dept. 47) 


Timing 











the heater 
pockets, 


aluminum and is insulated with glass 
wool lagging, ensuring high thermal 
efficiency, Heating elements are cov- 
ered with glass yarn that will with- 
stand temperatures up to 550°C. 
Mantles run at ‘‘black heat’’ and are 
used for liquid temperatures up to 
350°C. Heating elements can be re- 
placed and are of the easily exchange- 
able spring fastener type. 


Temperatures of the heaters can be 
controlled by use of variable control- 
lers such as the Powerstat or the Ern 
energy regulator. The Ern (listed be- 
.low) works on the time cycle basis 
giving an all power variation from 100 


MULTISIZE ISOMANTLE 
HEATERS 


for several flask sizes... - 


These metal-cased heaters will allow the heating of flasks of 
several sizes with one mantle. The construction of the MULTI- 
SIZE mantles provides a specially curved heating surface which 
assures efficient heating of round and flat- 
bottomed flasks of various sizes as well 
funnels. The circular opening at the base of 
prevents the formation of air 
making local over-heating virtually 
impossible. Opening also receives funnel stems. 


The outer metal casing is finished in anodized 





down to 12 per cent full load. Time cycle varies between 40 and 75 cycles. Maxi- 
mum load 1500 watts. For use on A.C. line only. 
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STANDARD SCIENTIFIC 


Supply Corp. 





eines _CAT. NO FLASK SIZE | _vours | WATTS | th PRICE a 
ISOMANTLES $64325A 25to 250ml | 115. 120 =| = 
$64325B 50 to 500 ml 15 160 | $25.85 
~ $64325¢ | 250to1000ml_| 115 aa o | $29.25 — 
$64325D | 500t03000mil | 115 | 2x250 | $40.50 
$64325E | 1000to5000m! | 115 | 2x300 _ € $54.00 | 
$64326 ERN ENERGY REGULATOR, 1500 Watts, 60 Cycle .. Ea. $15.00 








LABORATORY 
APPARATUS 
808 BROADWAY REAGENTS 
AND 


NEW YORK 3, N.Y CHEMICALS 








®@ NEPHELOMETRIC 
four references 


STANDARDS 
covering 


provide 
the normal 
range of turbidities found in nephelo- 


metric studies. The standards, said to 
be permanently stable, consist of disper- 
sions of one liquid in another, the two 
having identical specific gravities. Refer- 
ences are furnished in sealed cells that fit 
the manufacturer’s instrument. (Fisher 
Scientific Co., Dept. 55) 


™@ PETROLEUM COLORIMETER is based on 
new ASTM color standards for refined 
petroleum products. Sixteen color-stand- 
ard discs define 16 uniformly spaced in- 
tervals covering the scale from 0 to 8 in 
half units. The 16 standards are turret- 
mounted and can be rotated into posi- 
tion for comparison with the sample 
contained in a clear glass jar. (Fisher 
Scientific Co., Dept. 51) 


ELECTROSTATIC GENERATOR of Van de 
Graaf type, for teaching and demonstra- 
tion, produces 150,000 v at 5 wa. The 
device is 17% in. high. It is furnished 
either in kit form or assembled. (Forest 


Products, Inc., Dept. 60) 


MREPEAT-CYCLE TIMER operates on the 
reversible-motor principle. A synchro- 
nous motor drives an elapsed-time indi- 
cator up and down a scale to setting 
pointers. Two independently adjusted 
load circuits are controlled. (Automatic 
Timing and Controls Inc., Dept. 63) 


™ OSCILLATOR covers the frequency band 
from 10 kcy to 10 Mcy/sec in six ranges. 
The instrument is stabilized by a ther- 
mistor bridge. Accuracy of calibration is 
+1 percent, and frequency is independ- 
ent of load impedance. The harmonic 
content of the output is less than 1 per- 
cent. The amplitude remains constant 
within +0.5 db throughout the range. 
(Wayne Kerr Instrument, Dept. 64) 


M THICKNESS GAGE operating on_ the 
swept-frequency eddy-current principle 
measures coating thickness over the 
range 0.00005 to 0.007 in. with accuracy 
of +10 percent. Ferrous and nonferrous 
materials and a wide range of conduct- 
ing and nonconducting coatings on con- 
ducting base materials can be measured. 
Oscillator units, probes, and calibration 
charts are interchangeable; thus the gage 
may be adapted to the conductivity and 
permeability encountered in each appli- 
cation. (Gulton Industries, Dept. 53) 


@ RESET TIMER, contained in explosion- 
proof housing for hazardous locations, is 
available in ranges from 10 sec to 10 hr. 
The timer features a cycle progress 
pointer. Contacts are rated at 10 amp. 


(Eagle Signal Corp., Dept. 76) 


JosHUA STERN 
National Bureau of Standards 
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ONLY f payed 


BIOCHEMICALS 


EVERY PRODUCT ANALYZED 
EVERY ANALYSIS ON THE LABEL 


TYPICAL 
ANALYSIS 





WRITE FOR REFERENCE GUIDE AND PRICE 
LIST 123 CONTAINING COMPLETE 
SPECIFICATIONS OF EACH PRODUCT. 


AMINO ACIDS « PEPTIDES « FATTY ACIDS + ENZYMES 
COENZYMES «+ ANTI-METABOLITES » PYRIMIDINES 
CARBOHYDRATES * HORMONES « NUCLEO PROTEINS 
VITAMINS *« PURINES * HORMONE INTERMEDIATES 
PLANT GROWTH HORMONES « MISC. BIOCHEMICALS 














INFUSION-WITHDRAWAL PUMP 





Catalog No. 600-900 


@ 12-speed gear box with synchronous motor 

@ Accepts 50, 30, 20, 10, 5 and 2 cc standard syringes 

@ 72 rates from 38.2 cc/minute to .0002 cc/minute using vari- 
ous size syringes 

e@ Capable of reproducing a given rate to + .01% 

@ Speeds can be varied while in operation 

@ Simple automatic limit disconnect 

e@ Reversing switch converts to withdrawal pump intended for 
use with dye dilution apparatus 

@ Fixed speed models available 

@ Small compact size: 22” x 7” x 7” 

@ Stainless steel lead screw 

$280.00 f.o.b. Dover, Mass. 


HARVARD APPARATUS CO., INC. 
Dover, Massachusetts, U.S.A. 


(A nonprofit organization) 

















One of a series of advertisements which will reproduce the 
complete list. Complete list available promptly on request. 


ASPARTATE SOLUTION Stock No. 410-1—0.2M in 0.1M 
Phosphate Buffer pH 7.5. Prepared for the LaDue- 
Karmean Determination of Transaminase in Myocardial 
infarction 100 mi 4.00 

8-AZA-1,3-DIMETHYL-2,6-DIOXYPURINE 
See 8-Aza-1,3-dimethyl-xanthine 


8-AZA-1,3-DIMETHYL XANTHINE (pfs) 1 g 5.00 500 g 3.00 
8-AZA GUANINE (pfs) 1 g 2.80 5 g 12.50 
8-AZA XANTHINE (pfs) 1 g2.80 5g 12.50 
BARBITURIC ACID (pfs) (2,4,6-Trihydoxypyrimidine) 

25 ¢ 1.25 100 g 4.00 
BORNEOL GLUCURONIDE, — Grade lg Lb 4 


5- Pastel path eat DINE (pfs) g 175.00 100 mg 
5-BROMO-2,4 DIHYDROXYPRIMIDINE— rh 5-Bromo uracil 
5- BROMO URACIL (pfs) 5-Bromo-2,4- eer 

midine 5 ¢ 4.25 25 g 20.00 
BUFFER, PHOSPHATE—See Phosphate Buffer 
CADAVERINE di HCI A 
CALCIUM PHOSPHATE GEL 50 g 12.25 100 630: 30 
CALIBRATION STANDARD SOLUTION— Stock No. 505-10 Gratis 
5-CARBETHOXY-4-CHLORO-2-ETHYL-MERCAPTO- 

PYRIMIDINE (pfs) 1 g 3.00 5 g 13.75 
5- ee aoe (4-Amino-5- ont 

bethoxy-2-hydroxy-pyrimidin 500 mg 5.00 | s r 00 

5-CARBETHOXY-2,4- DIAMINO- PYR IMIDINE (pfs) 6.50 
5-CARBETHOXY- 2.4- ee PYRIMIDINE 

See 5- Carbethoxyuraci 
5-CARBETHOXY-2- ETHYLMERCAPTO- 4- ae 


PYRIMIDINE (pfs) 
5-CARBETHOXY- 3. THIOURACIL 1 . ra so oy g as 00 
5-CARBETHOXY URACIL (pfs) (5- + OE ot 
dihydroxypyrimidine) g 3. 00 5 g¢ 13.75 


CARBONIC ANHYDRASE (pfs)—Purified Soman from 

Bovine bo gles Approximately 100 x Activity of 

Erythro 500 mg 35. ‘00 1 g 65.00 
5- CARBOXY “CY TOSINE—See Cytosine-5-carboxylic acid 
5-CARBOXY -2,4-DIHYDROXYPYRIMIDINE—See Iso-orotic acid 
6-CARBOXY -2,4-DIHY DROXYPRIMIDINE—See Orotic acid 











A Portion of the Sigma Reagent Catalog 


5-CARBOXY-2-ETHYLM en oe IMI- 


DINE (pfs) 1 g2.00 5 g 6.00 
5- Se a HYDROXY- a THIOPYRIMIDINE 
ee 5-Carboxy-2-thiourac 


6- CARs Oxy. Ca NITRO-2,4- SIOXYPYRIMIDINE 
See 5-Nitro-orotic acid 
CARBOXYPEPTIDASE, Cryst. 5X (pfs)—From Bovine 


Pancreas; Toluol HzO Susp. 25 mg 12.00 100 K. 3 
O-CARBOXYPHENYL PHOSPHATE, (pfs) 1g2.50 
5-CARBOXY-2-THIOURACIL (pfs) ts en -4-hy- 

droxy-2-thiopyrimidine) 1 g 2.00 5 g 8.00 Yo g 15.00 


5-CARBOXY URACIL (pfs) —See Iso- one acid 
CARNOSINASE, POWDER, Practical (pfs) 100mg 7.50 1 g 50.00 
CATALASE, Lyophilized (pfs)—from Liver, 100 units/mg. 


1 g 10.00 

CATALASE, 2 x Cryst., From Liver (Subject to avail- 

ability) (pfs) 100 mg 15.00 | g 75.00 
CATHEPSIN-C POWDER (Beef Spleen) (pfs) 1 g 25.00 
CELLULASE, Crude (pfs) 1 g 3.00 
3-CHLOROACETYL Seeeue ie (pfs) 1 g 10.00 
2-CHLORO-4-AMINOBENZOIC A 

See 4-Amino-2-Chlorobenzoic aa 
4-CHLORO-2-AMINOPYRIMIDINE 

See 2-Amino-4-chloropyrimidine 
Ar sata alee mata atallchadl 

PYRIMIDINE 1 g 3.00 


(pfs) 
2- — 4,5-DIAMINO-6-METHYL-PYRIMIDINE 
pfs) see ee 
2- CPiLoRO- 4,5-DIAMINOPYRIMIDINE _ (pfs) 1gl 
8-CHLORO-2,6- DIHYDROXYPURINE—See 8-Chloroxanthine 
CHLOROISOCYTOSINE (pfs) See 2-Amino-4-Chloropyrimidine 


Other package sizes shown in complete catalog 


TELEPHONE COLLECT from anywhere in the world 
Day, Station to Station PRospect 1-5750 


Night, Person to Person Dan Broidc— 
WYdown 3-6418 


SIGMA CHEMICAL COMPANY 
3500 DeKalb Street, St. Louis 18, Mo., U.S.A. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 














23 MAY 1958 


1259 




















GLASS ABSORPTION 
KLETT 


CELLS "3" 





Makers of Complete Electrophoresus Apparatus 





ards—Klett Reagents. 





SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 


| ae 


L-Leucyl-beta-Naphthylamide 
Hydrochloride 
Use: Leucine amino-extidase 


Alanyl beta-Napthylamide 
Hydrobromide 
Use: Peptidase 


Carbonaphthoxy Choline 
lodide; 6-Bromo-2-Naphthyl 
Carbonaphthoxy Choline 
lodi 

Use: Choline esterase 


p- eaten secunminil 
on Phosphamidase 


p-Chloromercuribenzoic Acid, 
sodium salt: lodoacetic Acid 
Use: Sulfhydry! groups 
2-Hydroxy-3-Naphthoic 


Acid Hydrazide 
Use: Carbonyl groups and ketosteroids 


2-[4’-Hydroxyazobenzene] 
Benzoic Acid 

Use: Albumin in blood plasma 
1,1’-Dianthrimide 

Use: Zirconium 








2-Ami thylisothi 
Bromide 
Use: Anti-radiation 





Custom Syntheses 
Invited 








Klett Manufacturing Co. 
179 East 87 Street, New York, New York 





The Borden Company 
5000 Langdon Street 
P.O. Box 9522 
Philadelphia 24, Pa. 


WAL LABORATORIES 


Londen 





NEW 
BIOCHEMICAL 
REAGENTS 


Propionyl Choline lodide, 
Butyryl Choline lodide 
Use: Choline esterase study 
Calcium alpha-Naphthyl 
Phosphate, Sodium alpha- 
Naphthy! Phosphate 

Use: Phosphatase 


Pyruvic Acid, Lactic Acid 
Use: Lactic dehydrogenase 
6-Bromo-2-NaphthyI-B-D- 
Glucoside 

Use: B-Glucosidase 
6-Bromo-2-NaphthylI-B-D- 
Galactoside 

Use: B-galactosidase 
N-Benzoyl-DL-Phenylalanine 
B-naphthol ester 

Use: Chymotrypsin 
N,N-Dimethyl-p-Phenylene 
Diamine [DPP] Mono- 
hydrochloride 

Use: Amine oxidase 

Acetyl Thiocholine lodide, 
Butyryl Thiocholine lodide 
Use: Acetyl choline esterase 


COMPANY 














CHEMICAL DIVISION 











PERSONNEL PLACEMENT | 








CLASSIFIE # per word, minimum 
charge 4.2 Use of Box Number 
counts as 73 additional words. Pay- 
ment in advance is required 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY : Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C. 


$26.00 per inch 
24.00 per inch 














|| POSETIONS OPEN || 


(a) Biochemist to head department, 500-bed gen- 
eral hospital; East; $12,000. (b) Technical Di- 
rector; Ph.D. in organic or biochemistry ; phy- 
sician eligible; 10 years’ experience since receiv- 
ing Ph.D.; technical division of 100; duties 
include medical research and development, con- 
trol and veterinary research; $20,000; Midwest. 
(c) Chief Clinical Psychologist experienced in 
child guidance clinic to-head psychological serv- 
ices in well-established child-guidance clinic; 
metropolitan area, Southwest; staff of 10; re- 
search opportunity; $9000. (d) Microbiologist 
qualified in virology or experimental immunol- 
ogy; medical school pediatric research depart- 
ment; South. (e) Translator experienced in med- 
ical writing, literature abstracting, and gg end 
pharmaceutical company; East. S5-4 Medical 
Bureau, Burneice Larson, Director, 900 North 
Michigan Avenue, Chicago. x 





iii POS#TIONS OPEN |i 








BIOLOGIST—M.5S. or B.S. 


Warner-Lambert Research Institute has 
available for an experienced Biologist a 
post as technical information scientist. 


Penetrating interest in scientific docu- 
mentation, literature searches, and in- 
formation processing the prerequisites. 
Please send résumé to: 


Supervisor Technical Employment 


WARNER-LAMBERT 
RESEARCH INSTITUTE 
Morris Plains New Jersey 

















iiililiiiill POSITIONS OPEN |jjjijiilill 








AERONUTRONIC SYSTEMS, INC., a subsidiary of 
Ford Motor Company, is undertaking expanded 
military and commercial programs _ involving 
the most advanced research, development, ex- 
perimentation and prototype production at 
plants in Glendale and Van Nuys, California, 
and at modern, new facilities overlooking the 
Pacific Ocean at Newport Beach, California. 
The following positions are open: 


PHYSICAL CHEMISTS and PHYSICISTS, for 
the determination of high temperature thermo- 
dynamic properties of solids and gases. Ad- 
vanced degree and minimum of three years 
related experience required. Familiarity with 
experimental procedures necessary. For assign- 
ment at our new facilities in Newport Beach, 
California. 


Qualified scientists and engineers are invited 
to contact Mr. L. T. Williams, Aeronutronic 
Systems, Inc., Building 16, 1234 Air Way, 
Glendale, California. 





Experienced Cytotechnologist. Papanicolaou Re- 
search Laboratory, 1300 York Avenue, New 
York 21, New York. uc 





NEW WORLD-WIDE GRADUATE 
AWARD DIRECTORY. First compilation ever 
prepared for American scientists, teachers, and 
librarians to subsidize their education and re- 
search in more than 350 universities = 45 states, 
30 foreign lands. Stipends $200-$10,000. Com: 
plete information. Just published. Send $2 now. 
CRUSADE, Sci., Box 99, Station G, Brooklyn 
22, N.Y. eow 








SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yearly 
(12 issues) membership, $5.00. CRUSADE, 
SCI., Box 99, Station’G, Brooklyn 22, N.Y. ew 
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Instructor for general education course in physi- 
cal science. Desire person with masters degree, 
high quality education in physical sciences, pri- 
mary interest in teaching. Nine-month salary 
approximately $5000, depending on qualifications. 
Opportunity to study part time toward doctor- 
ate. Send credentials immediately to Head, Gen- 
eral Studies, Kansas State College, Manhattan, 
Kansas. x 








PHARMACOLOGIST 


Ph.D. or Equivalent 
Experience in fades pharmacology with 
emphasis on rdio Vascular and Neuro- 
pharmacology qualifies you for a research 
position in a leading New Jersey pharma- 
ceutical firm, Send a complete résumé to 
Box 136, SCIENCE. 
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(Ui rosrmions oven (iil 


Biologist or Biochemist for research in experi- 
mental arteriosclerosis and hypertension. Write 
Director, May Institute for Medical Research, 
421 Ridgeway Avenue, Cincinnati 29, Ohio. 
5/30, 6/6 


(a) Chemist; M.S., Ph.D. experienced hospital 
chemistry, by group of four pathologists, serv- 
ing teaching hospital, four smaller facilities in 
vicinity; private laboratory in university city of 
50,000; to $8000; Midwest. (b) Associate Or- 
ganic Chemist; Ph.D. for research in synthetic 
organic chemistry ; minimum 0; Eastern 
concern. (c) Senior Research Virologist; Ph.D. 
for original independent research on human, ani- 
mal virus; development work in vaccine produc- 
tion; $7500 up; pharmaceutical house. (d) Bac- 
teriologist; M.S. to supervise bacteriology, serol- 
ogy laboratories; responsible all bacteriological 
analysis; new 300-bed general hospital with po- 
tential 350 beds; popular southeastern resort. 
(e) Research Pharmacologist; Ph.D. with CNS 
and/or cardiovascular training; basic studies new 
medicinal compounds; qualified work indepen- 
dently, evaluate findings; minimum $7500; East- 
ern concern. Woodward Medical Bureau, Ann 
Woodward, Director, 185 North Wabash, Chi- 
cago. x 














CLINICAL INVESTIGATION 
Large midwest ethical pharmaceutical 
company has opportunity for physician; 
prefer man 30 to 40 with some experi- 
ence past internship; experience in nu- 
trition and metabolism desirable. 


SCIENTIFIC WRITER 
Young physician interested in medical 
writing. Work involves interpretation of 
laboratory and clinical data on new drugs 
for practicing physicians and scientific 
publications. 
Please send complete résumé to 

Technical Employment Coordinator 


THE UPJOHN COMPANY 


Kalamazoo, Michigan 














Pharmacologist-Physiologist openings in neuro- 
pharmacology for persons with some background 
and interest in this field. B.S., M.S., and Ph.D. 
levels. Active research programs. Opportunity 
for advancement. Contact ABBOTT LABO- 
RATORIES, North Chicago, Ill. 5/30, 6/6, 13 


\)|\|\||| POSITIONS WANTED ||| 








Ph.D., bacteriology; 5 years’ experience ae in 
cellular physiology, radioisotopes, biochemistry. 
Research or industrial position. Box 125, 
SCIENCE. 5/16, 23 





Chemist (major, general chemistry; minor, bio- 
chemistry); 6 years, associate professor, bio- 
chemistry, one of leading universities; 8 years, 
director of research, pharmaceutical company. 
Medical Bureau, Burneice Larson, Director, 900 
North Michigan Ave., Chicago. x 


The Market Place 


BOOKS + SERVICES + SUPPLIES » EQUIPMENT 











DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion $26.00 per inch 
13 times in 1 year 24.00 per inch 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 














||| BOOKS AND MAGAZINES ||| 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at NP ooo 
————_———-__ Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 


Abrahams Magazine Service; N. Y. 3, N. Y. 
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Sprague-Dawley, Inc. 
Pioneers in the development of the 
standard laboratory rat. 
Sprague-Dawley, Inc. 


P.O. Box 2071, Madison 5, Wisconsin 
Phone: CEdar 3-5318 


BACTERIOLOGICAL AND GROSS 
TISSUE STUDY TECHNIQUES USED 
IN OUR QUALITY CONTROL 
HUNTINGDON FARMS, INC. 


2548 NORTH 27th ST. PHILA. 32, PA. 




















WHITE MICE 


Hamsters, Guinea Pigs and Rats 


J.E.STOCKER Box 4 Ramsey, N.J. 











METHANOL-C'4 


Write for a new catalog 


Isotope Chemical Co. 
1952 W. Irving Park Rd. Chicago 13, Ill. 
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Information Requisition 


Use this easy self-mailer to obtain further information 


It’s simple: Mark — Clip — Fold — Mail 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment News. 


From: 


Zone .. 


(Please print or type) 


To: 





3¢ 


STAMP 











ae ae eke 
SCIENCE MAGAZINE 


Room 740 


11 West 42 Street 
New York 36, New York 


Fasten Here Only 
Staple, Tape, Glue 


| Mark, clip coupon — FOLD HERE along this line — stamp, mail 
& 
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| PROFESSIONAL SERVICES ||| 




















LaWall & Harrisson 


RESEARCH & CONTROL LABORATORIES 
Div. $, 1921 Watnut St., Philadelphia 3, Pa. 


SINCE gy! 870 





HOLTZMAN 











Food ¢ Drug PROBLEMS 
Pharmacological theme 


COMPANY 














Histology 


for l| Rte. 4, Box 205 Madison, Wis. 


Industry and Research 
George L. Rozsa, M.D. 


143 Linwood Ave. Buffalo 9, New York 


Phone ALpine 6-5573 























... continuous group uniformity 
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RK / “ g. , 
Neaders eCrutce 


Information Requisition 


Use this easy self-mailer to obtain further information about 
items or literature from the Equipment section as well as from 


advertised products. 


EQUIPMENT 

Circle below desired number corresponding to: 

47 51 53 54 55 60 
63 64 76 


ADVERTISERS IN THIS ISSUE 


Check page number in list below of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, “‘U” indicates upper ad, ‘‘L’’ 
lower ad, “‘I”’ inside ad, ‘‘M’’ middle ad, and ‘‘O”’ outside ad. Advertisements 
in Personnel Placement and Market Place are not keyed. A multiplicity of items 
is indicated by *. Readers are requested to specify on this coupon the par- 
ticular item in which they are interested; otherwise, the request cannot be 
processed. 


0 1202 0 1203* 0 1204 0 1205 0 1206* 
0 1207 0 1208* 0 1209,A 0 1209, B O 1210 
O 1212 O 1250* 0 1251,Ul* ©1251,U0 01251,L 
O 1252* 0 1253, UI* © 1253, 11 0 1253,0 0 1254, U* 
0 1254,L0 0 1254, LMA 0 1254, LMB 0 1255,A 0 1255, B 
O 1256 01257,U0 01257,L0 CO 1258* 0 1259, Ul 
0 1259,Uu0 0 1259, L* 0 1260, UO* 0 1260,UIl* OF 1263 
0 1264 

1262 
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; * inti 
° ” 
albino rats - . 
*Descendants of the # ¥ 
Sprague-Dawley and 
Wistar Strains 


e 
Hypophysectomized 
Rats 
e 
HENRY L. FOSTER, D.V.M. 
President and Director 
THE CHARLES RIVER BREEDING LABS. 
Dept. B, Wilmington, Mass 














ALBINO RATS 


SWISS MICE 


Price lists on request 


DAN ROLFSMEYER CO. 
Ph. ALpine 6-6149 
Route 3, Syene Road, Madison, Wisconsin 














||\|\|| PROFESSIONAL SERVICES ||| 


AUTHORS WANTED 
BY N.Y. PUBLISHER 


New York, N.¥Y.—One of the nation’s largest 
book publishers is seeking manuscripts of all types 
—fiction, non-fiction, poetry. Special attention to 
scientific and scholarly mss. If your work is ready 
for publication, send for booklet—SC—it’s free. 
Vantage Press, 120 W. 31st St.. New York 1. Mid- 
west Office: 220 S. Michigan Ave., Chicago 4, Ill. 


“OUR PREVIOUS AD 








created a great deal of interest, : 
for which we are grateful. Addi- | 
tional advertising in your magazine ) 

| 


is contemplated.” 


oe tee ee ee ee ee 





Iii BOOKS AND MAGAZINES || 





Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
— files you are willing to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 
Boston 20, Massachusetts 











ADVANCES IN 
EXPERIMENTAL CARIES 
RESEARCH 


Editor: Reidar F. Sognnaes 
Price $6.75; AAAS Members’ prepaid 
order price $5. 

246 pp., 49 illus., index, clothbound, 1955 
This is the first monograph specifi- 
cally devoted to data from the experi- 
mental production and prevention of 
tooth decay in laboratory animals. 
Twenty distinguished investigators, 
representing dentistry and _ allied 
basic sciences, report and review 
their researches. Unusually well or- 
ganized, the book represents a co- 
herent sequence, and is skillfully 
summarized by the editor in a final 
chapter, followed by very detailed 
subject and author indexes. 


AAAS 
1515 Massachusetts Avenue, NW 














Washington 5, D.C. 
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Before you buy your hematocrit centrifuge... 


DEMAND A DEMONSTRATION! 

















; International’s 
7 
) [new / 

¢ 
| MODEL MB 
: RUNS QUIETER, YET COOLER... 
D than any previous hematocrit centrifuge. 
R ° NEW “CONVERSATION PEACE” IN YOUR LAB.. 
rgest you can actually carry on a telephone conversa- 
types tion while the new Quiet Test is running nearby. 
yn to 
i ¢ PUSH-BUTTON ELECTRICAL BRAKE halts 
Mid- centrifuge in just 15 seconds! 


e 


COOLER ... than any previous hematocrit 


\D centrifuge. 


| e HIGH SPEED... up to 12,300 RPM. 
t, 
| * LONG LIFE... precision made with 
is heavy duty motor, more rugged shaft 
e ) and key components. 
| 
a 
TIT NEW PRECISION READER. . . 
I MODEL CR-—Fast, foolproof rea a 
a from any length capillary tube. © < 
magnifying glass and light un = 
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a new radioisotope counting system 


for biological and clinical research 


Nuclear-Chicago’s ACTIGRAPH If®—the all new 


Livi I AYar- Ch Col aar-AdQomer-Cellorresslceliir-tcoleie:taim-vor-lalillile me) 2-3 Ct 


Completed chart can be placed next to strip to directly 
determine location and intensity of radioactive zones, 


The new Actigraph II is a completely rede- 
signed and improved scanning system for 
recording automatically the position and total 
activity of separated radioactive zones on a 
strip chromatogram. Two reels accommodate 
strips up to 50 feet in length allowing single 
short strips to be spliced end-to-end for con- 
tinuous operation without attention. A wide 
choice of detectors may now be used including 
G-M tubes, windowless gas flow counters, and 
scintillation detectors. Increased sensitivity is 
provided through improved geometry. The 
Actigraph II is available with a wide variety 
of chart recorders including the new “recti- 
linear” recorder. Chart and strip speeds are 
easily synchronized by making identical gear canine 
changes. For complete information write us 


made with 
and ask for ‘Nucleus #14’. Actigraph IT 


Fine Gnatiumenti- Kessarch Quality Kadiochemivals ry 
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